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Lq wkh wkhru| ri lpsohphqwdwlrq/ vhh h1j1 Frufköq +4<<9,/ vrfldo
fkrlfh wkhru| dqg jdph wkhru| duh xvhg lqwhqvlyho|1 Wkhvh ohf0
wxuh qrwhv vxuyh| yhu| eulh | vrph hohphqwv ri vrfldo fkrlfh wkh0
ru| dqg jdph wkhru| xvhg lq d frxuvh rq Doorfdwlrq Phfkdqlvpv
dw wkh Xqlyhuvlw| ri Frshqkdjhq/ Lqvwlwxwh ri Hfrqrplfv/ ed0
vlfdoo| qrq0frrshudwlyh/ qrq0Ed|hvldq lpsohphqwdwlrq ri vrph
vrfldoo| rswlpdo doorfdwlrqv lq hfrqrplf prghov1
Vrfldo fkrlfh wkhru| dqg jdph wkhru| duh frqfhuqhg zlwk
sureohpv ri froohfwlyh ghflvlrq0pdnlqj= vhyhudo djhqwv kdyh wr
ghflgh rq vrph lvvxh ri froohfwlyh lqwhuhvw zkhuhdv wkhlu suhi0
huhqfhv derxw wkh lvvxh dqg2ru wkhlu hqgrzphqwv pljkw gli0
ihu1 Lq wkh wkhru| ri lpsohphqwdwlrq qrupdwlyh +suhvfulswlyh
ydoxh mxgjhphqwv dv uhsuhvhqwhg lq vrfldo fkrlfh pdsslqjv, dv
zhoo dv ghvfulswlyh +vwudwhjlf ehkdylru dv uhsuhvhqwhg e| jdph0
wkhruhwlfdo htxloleulxp frqfhswv, ihdwxuhv ri froohfwlyh ghflvlrq
pdnlqj duh lqyroyhg1 Wkh frqfhsw ri lpsohphqwdwlrq dovr suryhv
wr eh fhqwudo iru ghvfulelqj wkh uhodwlrqvkls ehwzhhq wkh qrupd0
wlyh dqg srvlwlyh surshuwlhv ri/ dqg wkh xvh ri vrfldo fkrlfh wkh0
ru| dqg jdph wkhru| lq froohfwlyh ghflvlrq pdnlqj= vrfldo fkrlfh
wkhru| dqvzhu wkh ihdvlelolw| sureohp zkhwkhu ru qrw d sduwlf0
ly 41 Lqwurgxfwlrq
xodu +hwklf, vrfldo fkrlfh pdsslqj fdq eh pdwhuldol}hg/ h1j1 lq
dq hfrqrp| ri vhovk lqglylgxdo djhqwv/ zkloh jdph wkhru| whoo
xv krz d ihdvleoh vrfldo fkrlfh pdsslqj fdq eh lpsohphqwhg e|
ghfhqwudol}lqj wkh ghflvlrq srzhu yld d sduwlfxodu jdph irup/
dffruglqj wr vrph sdwwhuq ri ehkdylru +htxloleulxp frqfhsw,1
Zulwlqjv lq vrfldo fkrlfh wkhru| gdwhv edfn wr srolwlfdo sklorvr0
skhuv lq wkh odwh hljkwhhqwk fhqwxu|/ h1j1 Erugd +4:;4, dqg Frq0
grufhw +4:;8,1 Odwhu wkh d{lrpdwlf phwkrg zdv lqwurgxfhg lq
wkh wkhru| e| Duurz +4<84, dqg Pd| +4<85,1 Lq wkh iroorzlqj
zh suhvhqw vrph lpsrvvlelolw| uhvxowv iurp wkh odwwhu shulrg1
Wkh euhdn0wkurxjk iru jdph wkhru| lq hfrqrplfv zdv wkh errn
e| yrq Qhxpdqq dqg Prujhqvwhuq +4<77,1 Zh suhvhqw vrph
qrq0frrshudwlyh/ qrq0Ed|hvldq htxloleulxp frqfhswv dqg vrph
dvvrfldwhg h{lvwhqfh uhvxowv1
Wkh pdwhuldo lq wkhvh qrwhv lv froohfwhg iurp wkh iroorzlqj
wh{werrnv dqg ohfwxuh qrwhv= Prxolq +4<;6,/ Nhlglqj +4<;7,/
Nhlglqj +4<;:,/ Jleerqv +4<<5, dqg Pdv0Frohoo hw do1 +4<<8,1
Lq fkdswhu 5 rq vrfldo fkrlfh wkhru| vrph gl!fxowlhv lq pdnlqj
froohfwlyh ghflvlrqv duh vwdwhg= +514, Duurz*v lpsrvvlelolw| wkh0
ruhp vd|lqj wkdw lw lv lpsrvvleoh wr wuhdw d froohfwlyh ri shrsoh
dv d vlqjoh djhqw kdylqj d wrwdo suhrughu ri wkh ihdvleoh dowhuqd0
wlyhv li wkh fkrlfh lv qrw elqdu|> +515, wkh Jleedug0Vdwwhuwkzdlwh
wkhruhp vd|lqj wkdw vwudwhjlf ehkdylru lv dq lppdqhqw sduw ri
froohfwlyh ghflvlrqv/ li wkh fkrlfh lv qrw elqdu|/ dqg li d vlqjoh
dowhuqdwlyh pxvw eh fkrvhq e| d soxudolw| ri djhqwv zlwk gli0
ihuhqw suhihuhqfhv> dqg +516, wkdw uhdvrqdeoh froohfwlyh fkrlfhv
duh srvvleoh wr dfklhyh li rqo| d vxevhw frqwdlqlqj pruh wkdq
rqh ihdvleoh dowhuqdwlyh pxvw eh fkrvhq1 Lq fkdswhu 6 rq jdph
wkhru| zh orrn d elw pruh ghhs lqwr wkh vwudwhjlf srvvlelolwlhv
iru wkh djhqwv lq froohfwlyh ghflvlrq pdnlqj= +614, grplqdwlqj
vwudwhjlhv> +615, Qdvk0vwudwhjlhv> +6160617, vrph uhqhphqwv ri
Qdvk0vwudwhjlhv1 Dqg lq fkdswhu 7 zh fkdudfwhul}h yhu| eulh |
vrph doorfdwlrq phfkdqlvpv1




Lq vrfldo fkrlfh wkhru| zh orrn dw zkdw uhdvrqdeoh rxwfrphv ri
froohfwlyh ghflvlrqv lw zloo eh srvvleoh wr rewdlq1 Zh dvvxph d
zruog zkhuh lqglylgxdov duh fkdudfwhul}hg vroho| e| wkhlu suhihu0
hqfhv/ hyhu|erg|*v suhihuhqfhv duh sxeolfo| nqrzq +xqwlo vhfwlrq
51514,/ dqg irupdol}h wkh froohfwlyh ghflvlrq sureohp e| d pds0
slqj wkdw vhohfwv iru dq| jlyhq suroh ri suhihuhqfhv d vrfldo
zhoiduh ixqfwlrq +d froohfwlyh suhihuhqfh rughulqj, ru d vxevhw ri
rxwfrphv +d vrfldo fkrlfh fruuhvsrqghqfh ru d vrfldo fkrlfh ixqf0
wlrq li wkh vxevhw lv d vlqjohwrq,1 Vxfk d pdsslqj vxppdul}hv
d sduwlfxodu hwklf ri froohfwlyh ghflvlrqv/ d frpsurplvlqj uxoh
dssolfdeoh wr hyhu| srvvleoh frqjxudwlrq ri lqglylgxdo suhihu0
hqfhv1
Wkurxjkrxw zh dgkhuh wr wkh dvvxpswlrq wkdw erwk wkh rxw0
frphv dqg wkh djhqwv sduwlflsdwlqj lq froohfwlyh ghflvlrqv duh
qlwho| pdq|1 Dqg wkh lqglylgxdo suhihuhqfhv duh dvvxphg wr eh
olqhdu rughuv/ l1h1 lqglhuhqfhv duh uxohg rxw1
Ohw xv dvvxph zh kdyh d vhw ri udwlrqdo lqglylgxdov/  '
ic c6j/ hdfk ri wkhp kdylqj wkhlu rzq wrwdo olqhdu suhrughu
rq wkh vhw ri ihdvleoh dowhuqdwlyhv/  ' ic Rj/ iurp zklfk wkh|
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froohfwlyho| fdq fkrrvh1 Li wkh vhw ri olqhdu suhrughuv ryhu  lv
fdoohg uE/ zh kdyh wkh iroorzlqj
Ghqlwlrq 4 D wrwdo olqhdu suhrughu iru djhqw / "5 uE lv
dqwlv|pphwulf/ wudqvlwlyh dqg wrwdo/ l1h1 ; 5  G"lv
+D4, Dqwlv|pphwulf= ;@c K 5  G li @ " K dqg K " @c wkhq
@ ' K/
+D5, Wudqvlwlyh= ;@c Kc S 5  G li @ " K dqg K " S wkhq @ " S/
+D6, Wrwdo= ;@c K 5  G @ " K ru K " @
0 Wklv phdqv wkdw/ lqglhuhqfh duh uxohg rxw +D4,/ dqg +D5,0
+D6, doo lqglylgxdov duh udwlrqdo +wkh| kdyh wudqvlwlyh suhihuhqfhv
dqg doo wkh lqirupdwlrq rq wkh vhw ri dowhuqdwlyhv wkh| qhhg wr
pdnh d udwlrqdo fkrlfh,14 Dq h{dpsoh ri d olqhdu suhrughu lv wkh
uhdo qxpehuv/ U 5 uE1
Ghqlwlrq 5 D suhihuhqfh suroh/ E"c c"6/ lv d pdsslqj
iurp  wr uE / dvvljqlqj wr hdfk lqglylgxdo d olqhdu suhrughu
"5 uE1
D froohfwlyh ghflvlrq sureohp h{lvw/ li iru vrph E"c" 
uE G" 9'"  Vlqfh  lv qlwh/ hdfk " 5 uE fdq eh
uhsuhvhqwhg e| d xwlolw| ixqfwlrq/  G  w U/ li dqg rqo| li
@ " K / E@ : EK iru doo i@c Kj  1 Lq pdq| vlwxdwlrqv
wklv zd| ri ghvfulelqj suhihuhqfhv lv pruh frqyhqlhqw/ dqg wkhuh0
iruh zh zloo zulwh surohv dv E"c c"6 ru Ec c 6 zlwkrxw
ixuwkhu frpphqw1
Lq wkh iroorzlqj zh orrn dw wkh ihdvlelolw| ri pdnlqj pds0
slqjv iurp suhihuhqfh surohv wr wkh vhw ri dowhuqdwlyhv1 Lq zho0
iduh hfrqrplfv wklv kdv ehhq grqh ydulrxvo| 0 khuh zh orrn dw
vrfldo zhoiduh ixqfwlrqv/ vrfldo fkrlfh ixqfwlrqv dqg vrfldo fkrlfh
fruuhvsrqghqfhv1
4Olqhdu suhrughuv duh qrw xvhg pxfk lq hfrqrplfv1 Exw lq rxu vlwxdwlrq wkh vhw ri
dowhuqdwlyhv lv qlwh1 Wkxv/ olqhdu rughuv fdq eh frqvlghuhg dv d jrrg dssur{lpdwlrq wr
srvvleo| pruh jhqhudo suhihuhqfh uhodwlrqv1 Wkh dujxphqw iru xvlqj olqhdu rughuv khuh lv
wkdw lw lv pxfk pruh hdv| wkdq xvlqj zhdn rughuv1
514 Vrfldo Zhoiduh Ixqfwlrqv yll
514 Vrfldo Zhoiduh Ixqfwlrqv
D vrfldo zhoiduh ixqfwlrq/ vzi/ lv d pdsslqj iurp surohv ri
suhihuhqfhv/ uE c wr d vrfldo rughu ri wkh dowhuqdwlyhv lq uE1
D vrfldo rughu ri dowhuqdwlyhv lv d pdsslqj iurp uE wr 1
Frqvhtxhqwo|/ li zh frpelqh wkhvh wzr pdsslqjv/ zh kdyh d
pdsslqj iurp suhihuhqfh surohv wr wkh vhw ri dowhuqdwlyhv1
Ghqlwlrq 6 D vzi lv d pdsslqj  G uE w uE/ zkhuh
E"c c"6 ' E"rs 5 uE lv d surfhgxuh wr djjuhjdwh suhi0
huhqfhv lqwr d wrwdo olqhdu suhrughu ri 1
Dq h{dpsoh lv wkh xwlolwduldq vzi= LrsE@ '
S
M E@ iru
doo @ 5  +zkhuh hdfk lqglylgxdo suhihuhqfh lv uhsuhvhqwhg e| d
fduglqdo xwlolw| ixqfwlrq kdylqj wkh vdph xqlwv ri xwlolw| iru doo
djhqwv,1
Lq ghqlwlrq 6 d vzi lv d wrwdo olqhdu suhrughu ri wkh dowhuqd0
wlyhv lq  wkdw vdwlvi| d plqlpdo frqglwlrq ri uhvshfw iru lqgl0
ylgxdo suhihuhqfhv1
Lv hyhu| vrfldo rughu d vziB Qr/ h1j1 sdluzlvh pdmrulw| yrwlqj
lv qrw +wkh Frqgrufhw Sdudgr{,1 Wkuhh djhqwv +4/5/6, fkrrvh
dprqj wkuhh dowhuqdwlyhv +@c Kc S,1 Wkh suhihuhqfhv ri wkh djhqwv
duh dv iroorzv
@ " K " S
S " 2@ "2 K
K " S " @
Wkhq sdluzlvh pdmrulw| yrwlqj whoov xv/ wkdw @ lv vrfldoo| suh0
ihuuhg wr K +e| wzr yrwhv wr rqh,/ K lv vrfldoo| suhihuuhg wr S
+e| wzr yrwhv wr rqh,/ dqg S lv vrfldoo| suhihuuhg wr @ +e| wzr
yrwhv wr rqh,1 Exw wklv f|folf sdwwhuq ylrodwhv wkh wudqvlwlylw|
uhtxluhphqw iru d vzi1
Lq wklv vhfwlrq zh duh orrnlqj iru wkh srvvlelolwlhv ri ghvljqlqj
vzi*v vdwlvi|lqj vrph pruh frqglwlrqv1
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Ghqlwlrq 7 D vzi/ / lv Sduhwldq li/ iru dq| sdlu ri dowhu0
qdwlyhv/ i@c Kj  / dqg dq| suhihuhqfh suroh/ E"c c"6 5
uE / E@c K ' @ zkhqhyhu ; 5  G @ " K1
0 D Sduhwldq vzi vdwlvhv d plqlpdo irup ri srvlwlyh uhvsrq0
vlyhqhvv 0 li hyhu|erg| djuhh rq @ lv vwurqjo| suhihuuhg wr K/ wkhq
wkh vzi pxvw fkrrvh @/ E@c K ' @1
Grhv d Sduhwldq vzi h{lvwB \hv/ dq lqwhuhvwlqj h{dpsoh lv wkh
Erugd Frxqw1 Vxssrvh wkh qxpehu ri dowhuqdwlyhv lq  htxdov
R Jlyhq dq lqglylgxdo suhihuhqfh/ "c zh dvvljq qxpehuv wr
wkh R dowhuqdwlyhv/ h1j15 dv iroorzv= Wkh prvw suhihuuhg dowhuqd0
wlyh iru hyhu| vlqjoh djhqw lv jlyhq R srlqwv/ wkh vhfrqg prvw
suhihuuhg dowhuqdwlyh lv jlyhq R  srlqwv hwf1 Wkxv dq dowhuqd0
wlyh/ @/ lv jlyhq d qxpehu e| djhqw  htxdo wr SE@ 0 wkh ehwwhu
suhihuuhg wkh kljkhu wkh qxpehu1 Ilqdoo|/ iru dq| suroh ri suhi0
huhqfhv/ zh ghwhuplqh wkh vrfldo rughulqj e| dgglqj xs srlqwv
wr hyhu| dowhuqdwlyh lq 1 E| pd{lpl}lqj wkh vfruh zh jhw/ liS
M SE@ :
S
M SEK wkhq E@c K ' @1 Wkh Erugd Frxqw lv
Sduhwldq/ vlqfh li @ " K iru doo  5  / wkhq SE@ : SEK iru doo




M SEK 0 dqg wkhq E@c K ' @1
Lv hyhu| vzi SduhwldqB Qr/ wu| wr plqlpl}h lqvwhdg ri pd{l0
pl}lqj wkh Erugd Frxqw vfruh1
Qh{w zh vwdwh d vxevwdqwldo uhvwulfwlrq rq vzi*v gxh wr Duurz
+4<84,/ vd|lqj wkdw wkh vrfldo suhihuhqfh ri dq| wzr dowhuqdwlyhv
ghshqgv rqo| rq wkh lqglylgxdo suhihuhqfhv ehwzhhq wkh vdph
wzr dowhuqdwlyhv1
Ghqlwlrq 8 D vzi vdwlvhv lqghshqghqfh ri luuhohydqw dowhu0
qdwlyhv/ li iru doo i@c Kj   dqg dq| sdlu ri suhihuhqfh surohv






 zlwk wkh surshuw| wkdw
iru hyhu|  G @ " K / @ "

 K dqg K " @ / K "

 @/ zh kdyh
E@c K ' @ / 

E@c K ' @ dqg E@c K ' K / E@c K ' K
5Wklv fdq eh grqh ydulrxvo|= lq jhqhudo hohfwlrqv hyhu| yrwhu kdyh rqh srlqw wr fdvw
rq rqh ri doo wkh fdqglgdwhv qrplqdwhg iru wkh sduoldphqw +dq h{hswlrq lv wkh hohfwlrq wr
wkh X1V1 Vhqdwh lq |hdu 5333/ zkhuh wkh zlqqhu lq rqh vwdwh zdv d ghdg pdq/ zkrvh zlih
wkhq wrrn klv vhdw,> lq wkh Hxurshdq Phorg| Frqwhvw hyhu| yrwhu lv jlyhq 9: srlqwv ri
zklfk vkh pxvw fdvw 45 rq wkh ehvw vrqj/ 43 rq wkh vhfrqg0ehvw vrqj/ < rq wkh wklug0ehvw
hwf1 Exw wkhvh 0 qrwh wkh h{hswlrq 0 dqg doo ydulrxv zd|v wr fdvw qdwxudo qxpehuv rq
dowhuqdwlyhv duh h{dpsohv ri wkh w|sh ri yrwlqj surfhgxuh fdoohg wkh Erugd frxqw1
514 Vrfldo Zhoiduh Ixqfwlrqv l{
0 Rqo| wkh djhqwv* suhihuhqfhv rq @ dqg K frxqwv zkhq d vzi ru0
ghuv i@c Kj  1 Wkh mxvwlfdwlrqv iru wklv uhvwulfwlrq duh wkuhh0
irog1 Wkh uvw dujxphqw lv vwulfwo| qrupdwlyh= lq d vrfldo udqnlqj
ehwzhhq @ dqg K/ wkh suhvhqfh ru devhqfh ri dowhuqdwlyhv rwkhu
wkdq @ dqg K vkrxog qrw pdwwhu1 Rwkhu dowhuqdwlyhv duh luuhohydqw
wr wkh lvvxh lq kdqg1 Wkh vhfrqg lv sudfwlfdoo|= wkh dvvxpswlrq
idflolwdwhv wkh wdvn ri pdnlqj vrfldo ghflvlrqv ehfdxvh lw khosv wr
vhsdudwh sureohpv 0 wkh ghwhuplqdwlrq ri d vrfldo udqnlqj rq d
vxevhw ri dowhuqdwlyhv grhv qrw qhhg dq| lqirupdwlrq ri lqglylg0
xdo suhihuhqfhv rq wkh dowhuqdwlyhv rxwvlgh wklv vxevhw1 Wkh wklug
uhodwhv wr lqfhqwlyhv= lqghshqghqfh ri luuhohydqw dowhuqdwlyhv lv
uhodwhg wr wkh ihdvlelolw| ri wuxwkixo uhyhodwlrq ri lqglylgxdo suhi0
huhqfhv/ vhh vhfwlrq 51514 ehorz1
Lq idfw wklv uhvwulfwlrq uxohv rxw vrph vzi*v/ h1j1 wkh Erugd
Frxqw1 Wkh uhdvrq lv/ wkdw wkh udqn ri dq dowhuqdwlyh lq wkh
Erugd Frxqw ghshqgv rq wkh sodfhphqw ri hyhu| rwkhu dowhu0
qdwlyh1 Li zh kdyh wkuhh dowhuqdwlyhv dqg wzr djhqwv zlwk wkh
suhihuhqfhv=
@ " K " S
S "2 @ "2 K
zh kdyh
S
'c2 SE@ ' D/ dqg
S
'c2 SES ' e/ dqg wkhuhiruh

















'c2 SE@ ' e/ dqg
S
'c2 SES ' D/ dqg wkhuhiruh
E@c S ' S \hw wkh uhodwlyh rughulqj ri wkh wzr dowhuqdwlyhv
E@c S kdv qrw fkdqjhg iru hlwkhu ri wkh wzr djhqwv1 Lw lv wkh
sodfhphqw ri wkh luuhohydqw dowhuqdwlyh K wkdw glvrughu wkh rxw0
frph ri wkh Erugd Frxqw1
Zh frpphqwhg rq ghqlwlrq 6 ri d vzi/ E"c c"6/ wkdw d
vzi lv d wrwdo olqhdu suhrughu ri wkh dowhuqdwlyhv lq wkdw vdwlvhv
{ 51 Vrfldo Fkrlfh Wkhru|
vrph plqlpdo frqglwlrq ri uhvshfw iru lqglylgxdo suhihuhqfhv1
Khuh zh orrn dw krz plqlpdo wklv uhvshfw fdq eh1
Ghqlwlrq 9 D glfwdwru h{lvwv/ li wkhuh <  5  m ; i@c Kj  c
dqg ;E"c c"6 5 uE
 G @ " K , E@c K ' @
0 Li wkh vzi dozd|v +lq dq| sdluzlvh frpsdulvrq ri dowhuqdwlyhv
lq , suhihuv wkh vdph dowhuqdwlyh/ dv d vshflf lqglylgxdo lq wkh
vrflhw| suhihuv/ wkhq wklv lqglylgxdo lv fdoohg d glfwdwru/ dqg wkh
vzi lv glfwdwruldo1 Zh wkhq kdyh
Wkhruhp 4 +Duurz +4<84/4<96,1 Li mm @ c E"c c"6 5
uE / wkhq hyhu| Sduhwldq vzi/  G uE w uE/ wkdw vdw0
lvhg wkh lqghshqghqfh ri luuhohydqw dowhuqdwlyhv lv glfwdwruldo
+Duurz*v Lpsrvvlelolw| Wkhruhp,1
Surri = Zh ehjlq zlwk ghqlqj d ghflvlyh vxevhw ri djhqwv/
7  c jlyhq d vzi/  G
+l, 7 lv ghflvlyh iru @ ryhu K/ li zkhqhyhu hyhu| djhqw lq 7
suhihuv @ ryhu K/ dqg hyhu| djhqw lq  q7 suhihuv K ryhu @/ wkhq
E@c K ' @
+ll, 7 lv ghflvlyh li/ iru dq| sdlu i@c Kj  c 7 lv ghflvlyh iru
@ ryhu K1
+lll, 7 lv frpsohwho| ghflvlyh iru @ ryhu K/ li zkhqhyhu hyhu|
djhqw lq 7 suhihuv @ ryhu K/ wkhq E@c K ' @1
Wkh surri lv grqh lq d qxpehu ri vpdoo vwhsv1 Vwhsv 406 vkrz
wkdw li d vxevhw ri djhqwv lv ghflvlyh iru vrph sdlu ri dowhuqdwlyhv
+l,/ wkhq lw lv ghflvlyh iru doo sdluv +ll,1 Vwhsv 70; vkrz wkdw wkh
vpdoohvw ghflvlyh vhw lv iruphg e| d vlqjoh djhqw1 Dqg vwhsv <043
vkrz/ wkdw wklv djhqw lv d glfwdwru1
Vwhs 4 = Li iru vrph i@c Kj  / 7   lv ghflvlyh iru @ ryhu
K/ wkhq/ iru dq| dowhuqdwlyh S 5 / S 9' @/ 7 lv ghflvlyh iru @ ryhu
S1 Li S ' K wkhuh lv qrwklqj wr suryh/ vr dvvxph S 9' K1 Frqvlghu
d suroh lq uE zkhuh
@ " K " S iru ; 5 7  
K " S " @ iru ; 5  q 7
514 Vrfldo Zhoiduh Ixqfwlrqv {l
Wkhq/ ehfdxvh +l, 7 lv ghflvlyh iru @ ryhu K/ zh kdyh E@c K ' @1
Lq dgglwlrq/ vlqfh ; 5  G K " S/ zh kdyh e| wkh Sduhwldq
dvvxpswlrq wkdw E@c S ' @1 Dqg e| wkh lqghshqghqfh ri luuho0
hydqw dowhuqdwlyhv/ lw iroorzv wkdw E@c S ' @ zkhqhyhu hyhu|
djhqw lq 7 suhihuv @ wr S dqg hyhu| djhqw lq  q 7 suhihuv S wr
@1 Uhvxow/ 7 lv ghflvlyh iru @ ryhu S1
Vwhs 5= Li 7 lv ghflvlyh ryhu i@c Kc Sj  / wkhq 7 lv ghflvlyh
iru i@c Kc Sc _j   E| vwhs 4/ li 7 lv ghflvlyh iru i@c Kj lw lv
ghflvlyh iru @ ryhu S dqg iru K ryhu S1 Exw wkhq/ dsso|lqj vwhs
4 djdlq/ wklv wlph ryhu wkh sdlu i@c Sj dqg d qhz dowhuqdwlyh
_ 5 / zh frqfoxgh wkdw 7 lv ghflvlyh ryhu iSc _j1 Vlploduo|/
dsso|lqj vwhs 4 rq iKc Sj dqg _ zh jhw wkh vdph frqfoxvlrq1
Vwhs 6= Li iru vrph i@c Kj  / 7   lv ghflvlyh iru @ ryhu
K/ wkhq 7 lv ghflvlyh +ll,1Wklv iroorzv gluhfwo| iurp vwhs 5/ zkhuh
S dqg _ fdq eh dq| dowhuqdwlyh lq qi@c Kj  Uhvxow/ 7 lv ghflvlyh
iru dq| sdlu ri dowhuqdwlyhv lq 1
Vwhs 7= Li 7   dqg A   duh ghflvlyh/ wkhq 7 _ A
lv ghflvlyh1 Wdnh dq| wulsoh ri glvwlqfw dowhuqdwlyhv lq  dqg
frqvlghu d suroh ri suhihuhqfhv lq uE zkhuh
S " K " @ iru ; 5 7 q E7 _ A 
@ " S " K iru ; 5 7 _ A
K " @ " S iru ; 5 A q E7 _ A 
K " S " @ iru ; 5  q E7 ^ A 
Wkhq EKc S ' S/ ehfdxvh 7 lv d ghflvlyh vhw/ dqg E@c S ' @/
ehfdxvh A lv d ghflvlyh vhw1 Wkhuhiruh/ e| wkh wudqvlwlylw| ri /
zh kdyh E@c K ' @1 Lw iroorzv e| lqghshqghqfh ri luuhohydqw
dowhuqdwlyhv wkdw 7 _ A lv ghflvlyh iru i@c Kj/ dqg vr 0 e| vwhs 6
0 wkdw 7 _ A lv d ghflvlyh vhw1
Vwhs 8= Iru dq| 7   / hlwkhu 7 ru  q 7   lv ghflvlyh1
Djdlq/ wdnh dq| wulsoh ri glvwlqfw dowhuqdwlyhv lq / dqg frqvlghu
d suroh ri suhihuhqfhv lq uE zkhuh
@ " S " K iru ; 5 7
K " @ " S iru ; 5  q 7
Wkhq E@c K ' @/ li 7 lv ghflvlyh +lqghshqghqfh ri luuhohydqw
dowhuqdwlyhv/ dqg vwhs 6 deryh,/ ru E@c K ' K1 Ehfdxvh wkh
{ll 51 Vrfldo Fkrlfh Wkhru|
Sduhwldq frqglwlrq |lhogv E@c S ' @/ wkh wudqvlwlylw| ri  lq
wklv fdvh jlyhv EKc S ' K1 Exw wkhq/ xvlqj wkh lqghshqghqfh ri
luuhohydqw dowhuqdwlyhv/ zh frqfoxgh wkdw  q 7 lv ghflvlyh iru
iKc Sj +vhh wkh suroh deryh,/ khqfh e| vwhs 6 ghflvlyh1
Vwhs 9= Li 7   lv ghflvlyh/ dqg 7  A   / wkhq A
lv ghflvlyh1 E| wkh Sduhwldq frqglwlrq wkh hpsw| vhw ri djhqwv
fdqqrw eh ghflvlyh1 Wkhuhiruh  qA fdqqrw eh ghflvlyh/ ehfdxvh
rwkhuzlvh/ e| vwhs 7/ 7 _ E qA  ' > zrxog eh ghflvlyh1 Khqfh/
e| vwhs 8/ A lv ghflvlyh1
Vwhs := Li 7   lqfoxghv pruh wkdq rqh djhqw dqg lv gh0
flvlyh/ wkhq wkhuh lv d ghflvlyh vwulfw vxevhw 7  71 Wdnh dq|
 5 71 Li 7 q ij lv ghflvlyh/ wkhq zh duh grqh1 Li 7 q ij lv qrw
ghflvlyh/ wkhq/ e| vwhs 8/  q 7 ^ij lv ghflvlyh1 Zkhq 7 dqg
 q 7 ^ij duh erwk ghflvlyh/ wkhq/ e| vwhs 7/ ij lv ghflvlyh1
Dqg/ e| dvvxpswlrq/ ij lv d vwulfw vxevhw ri 71
Vwhs ;= Wkhuh lv dq  5  vxfk wkdw 7 ' ij lv ghflvlyh1
Ehfdxvh wkh vhw  lv qlwh/ dqg/ e| wkh Sduhwldq frqglwlrq/
ghflvlyh/ wklv iroorzv e| lwhudwlqj vwhs :1
Vwhs <= Li 7   lv ghflvlyh wkhq/ iru dq| i@c Kj  / 7 lv
frpsohwho| ghflvlyh +lll,1 Zh zdqw wr suryh wkdw/ iru dq| A 
 q7/ E@c K ' @ zkhqhyhu ; 5 7 suhihu @ wr K/ hyhu| djhqw lq
A uhjdugv @ ehwwhu wkdq Kc dqg hyhu| rwkhu djhqw lq  suhihuv
K wr @1 Ehfdxvh ri vwhs 9/ 7 c A lv ghflvlyh li 7 lv ghflvlyh/ dqg
wkhq zh duh grqh1
Vwhs 43= Li/ iru vrph  5 c 7 ' ij lv ghflvlyh/ wkhq  lv
d glfwdwru1 Li  lv ghflvlyh/ e| vwhs </  lv frpsohwho| ghflvlyh
iru dq| @ ryhu dq| K Wklv lv/ iru ; i@c Kj  / li @ " K/ wkhq
E@c K ' @/ dqg wklv lv wkh ghqlwlrq ri d glfwdwru +ghqlwlrq 9
deryh,1
Li |rx frpelqh vwhsv ; dqg 43 wkh surri ri wkhruhp 4 lv frp0
sohwhg1 
515 Vrfldo Fkrlfh Ixqfwlrqv {lll
Duurz*v lpsrvvlelolw| wkhruhp6 vkrzv/ wkdw zh vkrxog qrw h{0
shfw d froohfwlyh ri lqglylgxdov wr ehkdyh olnh lqglylgxdov1 Hyhq
li |rx dffhsw xwlolw| ixqfwlrqv lq wkh ghvfulswlrq ri lqglylgxdo
djhqwv/ |rx vkrxog qrw gr vr lq wkh ghvfulswlrq ri froohfwlyhv ri
lqglylgxdov/ xqohvv |rx zloo dffhsw d glfwdwru1 Ri frxuvh/ wkhuh lv
h{fhswlrqv iurp wklv frqfoxvlrq/ h1j1 li zh uhvwulfw wkh grpdlq iru
lqglylgxdo suhihuhqfhv/ vhh h1j1 Pdv0Frohoo hw do1 +4<<8, Fkdswhu
541G1
Lqvwhdg ri irfxvlqj rq uhvwulfwhg grpdlqv zh zloo lq zkdw iro0
orzv orrn dw rwkhu w|shv ri pdsslqjv iurp suhihuhqfh surohv wr
wkh vhw ri dowhuqdwlyhv/ qdpho| vrfldo fkrlfh ixqfwlrqv dqg vrfldo
fkrlfh fruuhvsrqghqfhv1
515 Vrfldo Fkrlfh Ixqfwlrqv
Lqvwhdg ri djjuhjdwlqj surohv ri lqglylgxdo suhihuhqfhv lqwr d
udwlrqdo vrfldo suhihuhqfh rughu/ zklfk wkhq lv xvhg wr pdnh ghfl0
vlrqv lq wkh vrflhw|/ lq wklv dqg wkh qh{w vhfwlrq zh irfxv gluhfwo|
rq vrfldo ghflvlrqv1 Wkxv zh jr doo wkh zd| iurp suhihuhqfh sur0
ohv wr dowhuqdwlyhv lq rqh vwhs1 Lq wklv vhfwlrq zh xvh vrfldo
fkrlfh ixqfwlrqv/ vfi*v/ wr slfn xs vxevhwv ri rxwfrphv frqvlvw0
lqj ri d vlqjohwrq/ @ 5 1
Ghqlwlrq : D vrfldo fkrlfh ixqfwlrq/ vfi/ lv d pdsslqj/ s G
uE w / zklfk dvvljqv d fkrvhq hohphqw sE"c c"6 5 
wr dq| suroh ri lqglylgxdo suhihuhqfhv lq uE 
Li  lv qlwh/ hyhu| vzi rq uE lqgxfhv d qdwxudo vfi e|
dvvrfldwlqj zlwk hdfk E"c c"6 5 uE d prvw suhihuuhg
hohphqw lq1 Lq wkh Erugd Frxqw lq vhfwlrq 514 deryh/ wkh fkrlfh




M SE@1 Khqfh/ lq vwxg|lqj vfi*v/ lw lv reylrxv wr
6Duurz +4<84/ 4<96, vwdwhg wkh wkhruhp dv d srvvlelolw| wkhruhp 0 lqghhg lw lv srvvleoh
wr frqvwuxfw d glfwdwruldq vzi 0 exw lq wkh 4<:3*wlhv/ zkhq lw ehfdph pruh dqg pruh
xqdffhswdeoh wr uxoh d vrflhw| e| d glfwdwru/ hfrqrplvwv wxuq wklv srvvlelolw| wkhruhp
lqwr dq lpsrvvleolw| wkhruhp= wkhuh h{lvw qr dffhswdeoh vzi1
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orrn iru d uhvxow sdudooho wr Duurz*v lpsrvvlelolw| wkhruhp lq
vhfwlrq 514 deryh1
Uhfdoo wkdw lq Duurz*v wkhruhp zh kdg wzr frqglwlrqv= wkh vzi
kdg wr eh Sduhwldq dqg lqghshqghqw ri luuhohydqw dowhuqdwlyhv1
Zkhq zh ghdo zlwk vfi*v/ djdlq zh uhtxluh wzr frqglwlrqv= wkh
vfi pxvw eh zhdno| Sduhwldq dqg prqrwrqh1
Ghqlwlrq ; D vfi/ s G uE w / lv zhdno| Sduhwldq li iru
dq| suroh/ E"c c"6 5 uE / wkh fkrlfh/ sE"c c"6 5
/ lv d zhdn Sduhwr rswlpxp/ li ; 5  m < i@c Kj   G @ "
K , K 9' sE"c c"61
Frpsduhg wr wkh ghqlwlrq ri d Sduhwldq vzi +ghqlwlrq 7
deryh,/ lq ghqlwlrq ; wkh vfi lv zhdno| Sduhwldq/ ehfdxvh wkh
vrflhw| grhv qrw kdyh wr fkrrvh @/ hyhq li hyhu|erg| djuhhv wkdw
@ lv suhihuuhg wr K/ exw rq wkh rwkhu kdqg wkh vrflhw| pxvw qrw
fkrrvh K lq wklv fdvh1
Ghqlwlrq < D vfi/ s G uE w / lv prqrwrqh/ li iru dq|






 c zlwk wkh
surshuw| wkdw li wkh fkrvhq dowhuqdwlyh/ @ ' sE"c c"6/ pdlq0












0 Li qr dowhuqdwlyh fdq eh gursshg iurp ehlqj fkrvhq/ xq0
ohvv iru vrph djhqwv/ lwv ghvludelolw| ghwhulrudwhv/ wkhq d vfi lv
prqrwrqh1
Dv d fruroodu| wr Duurz*v lpsrvvlelolw| wkhruhp/ zh kdyh wkh
iroorzlqj=
Fruroodu| 5 Li mm   wkhq hyhu| zhdno| Sduhwldq dqg prqrwrqh
vfi lv glfwdwruldo1
Surri= vhh Pdv0Frohoo hw do1 +4<<8,/ surri ri sursrvlwlrq 541H141
51514 Pdqlsxodwlrq ri Vrfldo Fkrlfh Ixqfwlrqv
Zh qrz wdnh d qhz orrn dw wkh vrfldo fkrlfh surfhgxuh1 Djhqwv
dqqrxqfh suhihuhqfhv/ exw wkhuh lv dfwxdoo| qr frpshoolqj uhdvrq
wr eholhyh/ ru dq| zd| wr hqirufh wkdw wkh suhihuhqfhv dqqrxqfhg
515 Vrfldo Fkrlfh Ixqfwlrqv {y
duh wkh djhqwv wuxh suhihuhqfhv1 Dv zh vkdoo vhh odwhu rq lq wklv
vhfwlrq/ wkhuh lv hyhu| uhdvrq wr eholhyh wkdw djhqwv zloo qrw vwlfn
wr wkhlu wuxh suhihuhqfhv1
E| d vhhplqjo| lqqrfxrxv vwuhqjwkhqlqj ri prqrwrqlflw| zh
jhw vwurqj prqrwrqlflw|1
Ghqlwlrq 43 Jlyhq D dqg P/ d vfi/ s G uE w / lv





6 lv rewdlqhg iurp E"c c"6












6 lv rewdlqhg iurp E"c c"6 e| dq lp0
suryhphqw ri @ 5  phdqv wkdw hyhu| dowhuqdwlyh qrw lqyroylqj





6 dv lq E"c c"6( dovr/






E"c c"6 Wkhq wkh vwurqj prqrwrqlflw| dvvxpswlrq whoov xv
wkdw/ lq wklv fdvh/ wkh rqo| dowhuqdwlyh qrw fkrvhq e| E"c c"6





6 pxvw eh @1
Dw wkh vxuidfh wklv dvvxpswlrq vhhpv xqfrqwuryhuwldo= li hyhu|0
erg| lq vrflhw| fkdqjhv klv2khu ylhz rq @ lq d srvlwlyh pdqqhu
0 ru mxvw vrpherg| grhv/ dqg wkh suhihuhqfhv ri wkh uhvw uhpdlq
xqfkdqjhg 0 wkhq lw lv txlwh uhdvrqdeoh wkdw vrflhw| vkrxog uh0
 hfw wklv pryhphqw ri dowhuqdwlyh @ lq lwv fkrlfh1 Krzhyhu/ wkh
lpsolfdwlrqv ri wklv dvvxpswlrq duh idu0uhdfklqj/ vhh wkhruhp 6
ehorz1 Exw zh qhhg dqrwkhu dvvxpswlrq wr jhw wkh wkhruhp=
Ghqlwlrq 44 Jlyhq D dqg P/ d vfi/ s G uE w / vdwlv0
hv flwl}hqv* vryhuhljqw| li/ iru doo @ 5 / wkhuh lv d suroh ri
suhihuhqfhv/ E"c c"6 5 uE zlwk sE"c c"6 ' @1
0 Hyhu| dowhuqdwlyh lq  fdq eh vhohfwhg e| wkh vfi1
Wkhq zh kdyh wkh iroorzlqj uhvxow=
Wkhruhp 6 +Pxoohu dqg Vdwwhuwkzdlwh +4<::,,1 Ohw mm @ c
dqg s G uE w  eh d vwurqj prqrwrqh vfi vdwlvi|lqj flwl}hqv*
vryhuhljqw|1 Wkhq s lv glfwdwruldo/ l1h1 wkhuh lv dq  5  G sE"
c c"6 '4@ 
@M
E@
Surri= Iru dq| i@c Kj   ghqh d pds CE@c K G uE w
uE c wdnlqj hdfk suroh ri suhihuhqfhv E"c c"6 wr wkh






6 ' CE@c KE"c c"6 zlwk ; 5  G % "
%2 li % 5 i@c Kj c %2 5  q i@c Kj/ dqg % ! %2 / % !

 %2
rwkhuzlvh1 Wkxv CE@c K sxwv @ dqg K lq wkh wrs ri wkh suroh/
zkloh nhhslqj wkh udqnlqj ri hyhu| rwkhu sdlu ri dowhuqdwlyhv
xqfkdqjhg1
Qrz zh qhhg zkdw lv fdoohg d jhqhudol}hg vfi/ 8 0 h1j1 8
fdq eh d uxoh dvvljqlqj wr hdfk suroh E"c c"6 d orwwhu|
8 E"c c"6 rq wkh surohv/ zlwk 8 E"c c"6E@:K dv wkh
suredelolw| ri fkrrvlqj d olqhdu rughu zkhuh @ lv suhihuuhg wr K1
Zh kdyh wkh iroorzlqj=
Ghqlwlrq 45 E| @:K zh ghqrwh wkh vhw ri doo olqhdu suhrughuv/
 5 / vxfk wkdw iru i@c Kj   G @K D jhqhudol}hg vfi lv wkhq
d pds/ 8 G uE w df( o c wdnlqj surohv lqwr ixqfwlrqv iurp
 wr df( o c
8 E"c c"6E@:K '

 li sECE@c KE"c c"6 ' @
f rwkhuzlvh
Wkhq 8 lv elqdu|=
Ghqlwlrq 46 Ohw 8 eh d jhqhudol}hg vfi1 8 lv elqdu| li iru doo


















Qrz lw lv hdv| wr vkrz/ wkdw sECE@c KE"c c"6 ' i@c Kj=
e| flwl}hqv* vryhuhljqw| wkhuh lv d E"c c"6@ zlwk sE"c c"6
@ ' @/ dqg vlqfh CE@c KE"c c"6@ lv rewdlqhg iurp E"
c c"6@ e| dq lpsuryhphqw ri @ dqg K/ zh pxvw kdyh sECE@c KE"
c c"6 5 i@c Kj  Li wkhq zh fkdqjh wkh srvlwlrq ri rqo| @ dqg





3E@:K ' CE@c KE"c c"6




6 5 i@c Kj zh frqfoxgh wkdw d
elqdu| sECE@c KE"c c"6 5 i@c Kj 
Ixuwkhupruh/ ohw 8 vdwlvi| frqglwlrqdo prqrwrqlflw|=
Ghqlwlrq 47 Ohw 8 eh d elqdu| jhqhudol}hg vfi1 8 lv frqgl0
wlrqdoo| prqrwrqh li iru doo i@c Kc Sj  c E"c c"63E@:K '
6 wkhq 8 E"c c"6EK:S  8 E"c c"6E@:S
515 Vrfldo Fkrlfh Ixqfwlrqv {yll
D vwurqj prqrwrqh jhqhudol}hg vfi lv frqglwlrqdoo| prqrwrqh
+vd|lqj wkdw frqglwlrqdoo| prqrwrqlflw| lv d zhdnhu frqglwlrq,1
Li E"c c"63E@:K ' 6c wkhq 8 E"c c"6E@:K ' 
Dqg vxssrvh ixuwkhu wkdw 8 E"c c"6EK:S ' phdqlqj wkdw





e| dq lpsuryhphqw ri @ lq CE@c KE"c c"6 vxfk wkdw @ lv
dprqjvw wkh wrs wkuhh dowhuqdwlyhv/ dqg i@c Kc Sj duh udqnhg dv lq




6 5 i@c Kj e| vwurqj prqrwrqlf0




6c S lv pryhg grzq iurp
wkh wrs wkuhh sodfhv/ wkhq @ zloo eh fkrvhq +li wkh suroh lv














6 e| dq lpsuryhphqw ri S1 Dqg lw lv fohdu wkdw prylqj
K grzq lq wkh suroh uhvxowv lq sECE@c KE"c c"6 ' @/ dqg
8 E"c c"6E@:S ' 
Zh ohdyh lw wr wkh uhdghu wr fkhfn vwhsv 7043 lq wkhruhp 4
deryh= wkh vpdoohvw ghflvlyh vhw lv iruphg e| rqh djhqw/ dqg
wkdw wklv djhqw lv d glfwdwru1 Wkhq zh duh grqh1 
Dffruglqj wr wkhruhp 6 wkhuh duh vhyhuh olplwdwlrqv wr wkh
srvvlelolwlhv ri frqvwuxfwlqj vfi*v1 Exw lqvwhdg ri ghdolqj zlwk
wkhp khuh/ zh vwdwh dqrwkhu wkhruhp zklfk lv idu0uhdfklqj lq lwv
vlpsolflw| 0 zh jhw lw dv d fruroodu| wr wkhruhp 6 deryh1 Ehiruh
wkh wkhruhp lv vwdwhg zh qhhg dqrwkhu ghqlwlrq1
Ghqlwlrq 48 D vfi/ s G uE w c lv vwudwhj|0surri/ li
iru hdfk djhqw/ ;  5  / wkhuh h{lvw d pdsslqj/ "G uE w
c vxfk wkdw iru hyhu| djhqw zh kdyh= ; "5 uEc; "E5
uE.tc ; "

5 uE G sE"c"E " sE"

c"E/ zkhuh "
lv wkh djhqw*v vlqfhuh suhihuhqfhv1
0 Lq d vwudwhj|0surri vfi whoolqj wkh wuxwk lv dozd|v d grpl0
qdwlqj vwudwhj| iru hyhu| djhqw/ zkr fdq vlpso| ljqruh wkh eh0
kdylru ri wkh rwkhu djhqwv zkhq kh fkrrvhv klv vwudwhj|1
Wkhruhp 7 +Jleedug +4<:6, dqg Vdwwhuwkzdlwh +4<:8,,1 Ohw mm @
/ dqg s G uE w  eh d vfi vdwlvi|lqj +ghqlwlrq 44 deryh,
flwl}hqv* vryhuhljqw|1 Wkhq wkh vfi lv vwudwhj|0surri li dqg rqo|
li lw lv glfwdwruldo1
{ylll 51 Vrfldo Fkrlfh Wkhru|
Lqvwhdg ri vfi*v wklv wkhruhp fdq eh vkrzq wr krog iru jdph
irupv/ vhh Prxolq +4<;6/ fkdswhu 7,1 Lw whoov/ wkdw vwudwhjlf eh0
kdylru lv sduw ri froohfwlyh ghflvlrqv/ li wkh uhvxow pxvw eh d
vlqjohwrq/ @ 5 / li wkh ghflvlrq lv qrw elqdu|/ dqg li wkh fkrlfh
vroho| ghshqgv rq wkh suhihuhqfh suroh ri wkh ghflvlrq0pdnhuv1
Surri = Wkh li vwdwhphqw lv fohdu= li d glfwdwru ghflghv lq wkh
qdph ri wkh zkroh vrflhw| wkhq lw zloo eh d grplqdwlqj vwudwhj|
iru wkh glfwdwru wr whoo wkh wuxwk/ " lq ghqlwlrq 481 Frqyhuvho|/
zh zloo suryh wkdw d vwudwhj|0surri vfi lv vwurqjo| prqrwrqlf1
Dqg wkhq wkh Pxoohu0Vdwwhuwkzdlwh wkhruhp deryh frpsohwh wkh
surri1
Ohw s eh d vfi zklfk lv qrw vwurqjo| prqrwrqlf1 Wkhq wkhuh
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c"EM, 0 lq hdfk fdvh
s ylrodwhv vwudwhj|0surriqhvv1
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sE"

c"EM ' K " sE"c c"6 ' @c dqg djdlq vwudwhj|0
surriqhvv ri s lv ylrodwhg1 
Wkhruhp 7 vkrzv wkdw rqo| elqdu| fkrlfhv fdq dfwxdoo| eh
pdgh yld vwudwhj|0surri froohfwlyh ghflvlrqv phwkrgv/ li wkh uh0
vxow pxvw eh d vlqjohwrq1
Vhyhudo zd|v h{lvw wr hvfdsh wkh Jleedug0Vdwwhuwkzdlwh uhvxow=
+d, Uhvwulfw wkh grpdlq ri ihdvleoh suhihuhqfh surohv1
+e, Zhdnhq wkh htxloleulxp frqfhsw dqg wkh uhtxluhphqw wkdw
d grplqdqw vwudwhj| htxloleulxp h{lvwv iru doo surohv1
+f, Dffhswlqj uhvxowv ri froohfwlyh ghflvlrqv zklfk duh qrw vlq0
johwrqv/ exw vxevhwv ri dowhuqdwlyhv lq  frqwdlqlqj pruh wkdq
rqh dowhuqdwlyh1
516 Vrfldo Fkrlfh Fruuhvsrqghqfhv {l{
Lq wkh iroorzlqj zh zloo orrn dw srvvlelolwlhv lq wkh olqh ri +e,
lq vhfwlrq 6 ehorz/ dqg +f, lq vhfwlrq 5161
516 Vrfldo Fkrlfh Fruuhvsrqghqfhv
Li zh dffhsw uhvxowv ri d froohfwlyh ghflvlrq zklfk duh vxevhwv
ri dowhuqdwlyhv lq  frqwdlqlqj pruh wkdq rqh vlqjoh dowhuqd0
wlyh/ zh vhhplqjo| kdyh fkrvhq qrw wr vroyh doo froohfwlyh ghfl0
vlrq sureohpv1 Exw lq hfrqrplf wkhru|/ dqg sduwlfxodu lq zho0
iduh hfrqrplfv/ lw lv pruh wkh uxoh wkdq dq h{fhswlrq wr orrn dw
fruuhvsrqghqfhv/ h1j1 wkh Sduhwr0fruuhvsrqghqfh/ wkh hqy|0iuhh
fruuhvsrqghqfh hwf1
Rqh uhdvrq iru wkh uhohydqfh ri vrfldo fkrlfh fruuhvsrqghqfhv
lq vrfldo fkrlfh wkhru| lv/ wkdw zh kdyh uhvwulfwhg rxuvhoyhv wr
xvh lqirupdwlrq rqo| ri rqh vlqjoh fkdudfwhulvwlf ri hyhu| djhqw/
wkh djhqwv suhihuhqfhv> dqg wkhq lw lv gl!fxow +rq wkh grpdlq ri
suhihuhqfh surohv, wr fkrrvh rqh vlqjoh dowhuqdwlyh lq  Zkdw
vshflf dowhuqdwlyh dq djhqw zloo fkrrvh ghshqgv lq zhoiduh hfr0
qrplfv/ ehvlghv rq klv suhihuhqfhv/ dovr rq wkh djhqw*v zhdowk
+fdslwdo dqg lqfrph,1 Wkhuhiruh lw grhv qrw pdwwhu li zh fdqqrw
qg d vlqjohwrq lq / li rxu jrdo lv wr frqvwuxfw wkh uxohv ri
d jdph zklfk zloo eh sod|hg ryhu dqg ryhu djdlq e| glhuhqw
sod|huv lq glhuhqw +hfrqrplf, vlwxdwlrqv +fdslwdo/ lqfrph/ frq0
vxpswlrq vhwv hwf1,1 Dqg wklv lv h{dfwo| rxu jrdo lq lpsohphqwd0
wlrq wkhru| dqg phfkdqlvp ghvljq wu|lqj wr lpsohphqw vrfldoo|
rswlpdo ghflvlrqv lq hfrqrplfv1 Wkhuhiruh lw lv ri uhohydqfh wr
orrn dw vrfldo fkrlfh fruuhvsrqghqfhv1
Ghqlwlrq 49 D vrfldo fkrlfh fruuhvsrqghqfh/ vff/ lv d pds0
slqj/ S G uE w / zklfk dvvljqv d vxevhw  5 2 +wkh vhw ri
vxevhwv lq , wr dq| suroh ri lqglylgxdo suhihuhqfhv lq uE 
Lq zhoiduh hfrqrplfv wkh prvw frpprq xvhg vff*v duh wkh
Sduhwr0fruuhvsrqghqfh/ dqg wkh lqglylgxdo udwlrqdo fruuhvsrq0
ghqfh/ exw khuh +lq wkh frxuvh rq Doorfdwlrq Phfkdqlvpv, zh
qhhg vrph pruh/ h1j1 +ghqhg hovhzkhuh lq wkh h{dplqdwlrq uh0
txluhphqwv,=
{{ 51 Vrfldo Fkrlfh Wkhru|
0 wkh hqy|0iuhh fruuhvsrqghqfh
0 wkh idlu0lq0surgxfwlrq fruuhvsrqghqfh/ dqg
0 wkh hjdolwduldq0htxlydohqw fruuhvsrqghqfh/
zklfk doo irfxv rq +hqg vwdwh, htxdolw| lq wkh srsxodwlrq ri
djhqwv1 Dqg ri frxuvh zh fdq frpelqh glhuhqw fruuhvsrqghqfhv
lq glhuhqw zd|v/ dqg jhw h1j1 wkh Sduhwr rswlpdo dqg lqglylgxdo
udwlrqdo fruuhvsrqghqfh hwf1 Zh mxvw kdyh wr hqvxuh rxuvhoyhv/
hyhu| wlph zh frpelqh pruh fruuhvsrqghqfhv ru frqvwuxfw qhz
rqhv/ wkdw wkhuh h{lvwv ihdvleoh vwdwhv ri wkh nlqg ghqhg e| wkh
fruuhvsrqghqfh lq wkh hqylurqphqw zh irfxv rq/ h1j1 dq Duurz0
Gheuhx hfrqrp| ri vrph vshflf vruw1
Lq jhqhudo/ zkhq zh orrn dw vff*v wkhuh duh d orw ri srvvlelo0
lw| uhvxowv frqqhfwhg wr vshflf htxloleulxp frqfhswv/ dqg wkhuh
duh vrph lpsrvvlelolw| uhvxowv wrr1 Wkh srvvlelolw| uhvxowv/ wkdw
duh wkh prvw lqwhuhvwlqj uhvxowv iru phfkdqlvp ghvljq/ dqg wkh
lpsrvvlelolw| uhvxowv wrr/ duh sduw ri jdph wkhru| +vhh wkh qh{w
vhfwlrq, dqg lpsohphqwdwlrq wkhru|/ vhh Frufköq +4<<9,1




Zkhqhyhu d froohfwlyh ghflvlrq kdv wr eh pdgh lq d vrflhw|/ frq0
 lfwv duh lppdqhqw ehfdxvh glhuhqw djhqwv pd| kdyh glhuhqw
rslqlrqv rq pdwwhuv ri frpprq frqfhuq dqg ydulrxv phdqv ri
lq xhqflqj wkh frpprq ghflvlrq1 Lq fkdswhu 5 deryh zh vdz
wkdw dovr vwudwhjlf ehkdylru lv dq lppdqhqw sduw ri froohfwlyh
ghflvlrqv1 Vr/ li zh zdqw wr ghvljq froohfwlyh fkrlfh uxohv zklfk
lpsohphqw vrfldoo| rswlpdo ghflvlrqv/ zh pxvw wdnh wkhvh ihd0
wxuhv ri vrfldo fkrlfh surfhgxuhv lqwr dffrxqw lq wkh ghvljq ri
froohfwlyh fkrlfh uxohv1 Lq jdph wkhru| lw lv srvvleoh wr gr vr1
D vrfldo jdph frqvlvwv ri d jdph irup ghqlqj wkh uxohv ri
wkh jdph/ dqg d suroh ri fkdudfwhulvwlfv +suhihuhqfhv, dvvljqlqj
wr hdfk djhqw h1j1 d olqhdu suhrughu ri wkh dowhuqdwlyhv lq /
E"M 
Ghqlwlrq 4: D jdph irup lv dq duud|/ C ' dE7M c c }o/
zkhuh
+l, ; 5  G 7 lv d qrq0hpsw| vhw ri ohjdo +lq wkh jdph,
vwudwhjlhv1
+ll,  lv d qrq0hpsw| vhw ri rxwfrphv1
+lll, } G E7    76 w  lv d ixqfwlrq +wkh rxwfrph
ixqfwlrq,1
{{ll 61 Jdph Wkhru|
0 H1j1 lq jr vk hdfk sod|hu lv jlyhq d vwudwhj| vhw/ 7 '
Erc c c r
cE63
 / zkhuh r
c
 lv sod|hu Qr1 E9'  dvnlqj sod|hu
Qr1 4= doo |rxu dfhv hwf1>  lv wkh vhw ri dowhuqdwlyh uhvxowv ri
wkh jdph 0 d glvwulexwlrq ri 46 wulfnv rq 6 djhqwv +hdfk djhqw
jhwv }E7    76 5 df( o wulfnv/ zkhuh } ' E}M dqgS
M }E ' ,1
D jdph irup od| grzq wkh uxohv wr eh iroorzhg e| wkh sduwlhv
lq d frq lfw= wkh vwudwhj| vhwv frpsulvlqj doo ohjlwlpdwh dfwv
+frpsohwh sodqv ri dfwlrqv, iru wkh sduwlflsdqwv/ dqg wkh rxwfrph
ixqfwlrq dvvljqlqj frqvhtxhqfhv wr dowhuqdwlyh dfwv ri wkh djhqwv1
Krzhyhu/ d jdph irup lq lwvhoi lv lqvx!flhqw wr suhvfuleh wkh
dfwlrqv ri wkh djhqwv1 Krz dq djhqw vkrxog ru krz kh dfwxdoo|
zloo dfw lq d jlyhq froohfwlyh ghflvlrq vlwxdwlrq ghshqgv qrw rqo|
rq wkh uxohv ri wkh jdph exw dovr rq wkh sod|huv* fkdudfwhulvwlfv1
Dv lq vrfldo fkrlfh wkhru| zh dvvxph khuh wkdw wkh djhqwv duh
fkdudfwhul}hg vroho| e| wkhlu suhihuhqfhv1 Wkxv zh kdyh=
Ghqlwlrq 4; D jdph +lq qrupdo irup, K lv d jdph irup/
C '

E7M cU c }

/ zkhuh  ' U c dqg d suhihuhqfh sur0
oh/ EM c zkhuh iru doo  5  hdfk  G  w U/ vxfk wkdw
KECc EM '

E7M cU c s

0 ru vkruw= dE7M c s o 0 zkhuh
wkh rxwfrph ixqfwlrq/ sErc c r6 ' EE}Erc c 6E}Er/
iru r ' Erc c r6 5 M7
Lq wkh ghqlwlrq deryh zh xvh wkh qrupdo irup ghvfulswlrq ri
d jdph1 Dqrwkhu ghvfulswlrq ri wkh vdph jdph lv wkh h{whqvlyh
irup uhsuhvhqwdwlrq/ zkhuh wkh qhu vwuxfwxuh ri wkh jdph lv
ghvfulehg +pryhv/ lqirupdwlrq derxw wkh klvwru| ri wkh jdph
hwf1,1 Wkxv zh kdyh
Ghqlwlrq 4< Dq h{whqvlyh uhsuhvhqwdwlrq ri d jdph vshflhv
iru hdfk sod|hu lq wkh jdph/ EM /
+l, zkhq hdfk sod|hu kdv wkh pryh/ zkdw wklv sod|hu fdq gr
dw hdfk ri klv rssruwxqlwlhv wr pryh/ dqg zkdw lqirupdwlrq wklv
sod|hu nqrzv dw hdfk ri klv pryhv/
+ll, wkh vhw ri rxwfrphv/ / dqg
+lll, wkh rxwfrph ixqfwlrq1
61 Jdph Wkhru| {{lll
Frpsduhg zlwk wkh uhsuhvhqwdwlrq ri jdphv lq qrupdo irup/
zh qhhg wr vshfli| wkh vwudwhj| vhw ri hdfk djhqw lq pxfk pruh
ghwdlo zkhq wkh jdph lv uhsuhvhqwhg lq h{whqvlyh irup= d vwudwhj|
iru hdfk djhqw lv khuh dq duud| ri pryhv/ dv lw lv nqrzq iurp wkh
uxohv ri wkh jdph lq h1j1 fkhvv/ eulgjh/ jr vk hwf1
Dq| jdph +vwdwlf ru g|qdplf, fdq eh uhsuhvhqwhg lq hlwkhu
qrupdo ru h{whqvlyh irup1 D vwdqgdug surfhgxuh uhsuhvhqwlqj
hyhu| jdph lq h{whqvlyh irup dv d jdph lq qrupdo irup h{lvwv/
vhh Nhlglqj +4<;:,1 Exw ehfdxvh |rx qhhg pruh lqirupdwlrq wr
uhsuhvhqw d jdph lq h{whqvlyh wkdq lq qrupdo irup/ pruh jdphv
lq h{whqvlyh irup duh uhsuhvhqwhg e| wkh vdph jdph lq qrupdo
irup1 H{dpsohv rq krz wr fkdqjh wkh uhsuhvhqwdwlrq ri vwdwlf
jdphv iurp qrupdo wr h{whqvlyh irup/ dqg g|qdplf jdphv iurp
h{whqvlyh wr qrupdo irup/ |rx fdq qg lq Jleerqv +4<<5,/ fkds0
whu 5171
Zh frqvlghu wkh txhvwlrq zkhwkhu zh fdq vhohfw iurp wkh vwudw0
hj| vhw ri hdfk ri wkh djhqwv vrph jrrg vwudwhjlhv +krshixoo|
d vlqjoh rqh,/ dv pruh olnho| wr eh fkrvhq e| wkh djhqwv wkdq wkh
uhvw1 Zh rqo| orrn dw qrq0frrshudwlyh jdph wkhru|1 Dovr/ zh gr
qrw frqvlghu Ed|hvldq htxloleulxp frqfhswv1 Lqvwhdg zh orrn dw
htxloleulxp l grplqdqw vwudwhjlhv/ Qdvk0htxloleulxp/ wuhpeolqj0
kdqg shuihfw0/ dqg vxejdph shuihfw Qdvk0htxloleulxp1
Exw zkdw lv dq htxloleulxpB Zh xvh wkh iroorzlqj=
Ghqlwlrq 53 Ohw K eh d jdph1 D vwudwhj| suroh Erc r6
ghvfulelqj d frpsohwh sodq ri dfwlrqv iru hyhu| djhqw/ lv vdlg
wr eh dq htxloleulxp/ li dqg rqo| li qr djhqw h{0srvw uhjuhw klv
fkrlfh ri vwudwhj|1
0 Lq frpsdudwlyh vwdwlf hqylurqphqwv d vwudwhj| suroh lv dq
htxloleulxp/ li qr djhqw kdv dq| srvlwlyh uhdvrq wr uhjuhw klv
fkrlfh ri vwudwhj| zkhq kh uhfhlyh klv sd|0r1 Lq g|qdplf hqyl0
urqphqwv wklv ghqlwlrq qhhg wr eh h{whqghg/ ehfdxvh dq htxl0
oleulxp khuh lv d +wlph ghshqghqw, sdwk ri vwdwhv1
{{ly 61 Jdph Wkhru|
614 Grplqdqw Vwudwhj| Htxloleulxp
Lw lv qrw dozd|v hdv| wr qg vxfk d vxevhw ri jrrg htxlole0
ulxp vwudwhjlhv1 Exw lq fhuwdlq jdphv wkhuh duh vrph reylrxv
fdqglgdwhv1 Rqh ri wkhvh lv d grplqdqw vwudwhj| htxloleulxp1
Ghqlwlrq 54 Ohw K eh d jdph1 Zh vd| wkdw rf lv d grplqdqw
vwudwhj| iru djhqw  li iru doo r 5 7 dqg doo rE 5 E7Ec
sEr
f
 c rE @ sErc rE Wkhq r
f ' Erfc c r
f
6 lv d grplqdqw
vwudwhj| htxloleulxp li rf lv d grplqdqw vwudwhj| iru doo  5 1
0 Qr pdwwhu zkdw vwudwhj| wkh rwkhu djhqwv fkrrvh/ rf 5 7
zloo eh d ehvw vwudwhj| iru djhqw 1 Dqg wr fdofxodwh d grplqdqw
vwudwhj| +li lw h{lvwv, wkh djhqw qhhgv qrw wr nqrz wkh sd|0r wr
rwkhu djhqwv +wkhlu suhihuhqfhv ru xwlolw| ixqfwlrqv,1 Lq uhdo olih
wklv phdqv wkdw wkh djhqwv fdq fkrrvh d grplqdqw vwudwhj| zlwk0
rxw nqrzlqj wkh rwkhu djhqwv* fkrlfh ri vwudwhj|/ dqg vlqfh wklv
zloo eh uhodwlyho| hdv| iru dq djhqw wr gr/ d grplqdqw vwudwhj|
htxloleulxp lv vdlg wr eh d vwurqj htxloleulxp frqfhsw1
Gr jdphv zlwk d grplqdqw vwudwhj| htxloleulxp h{lvwvB \hv/
h1j1 lq Sulvrqhuv* Glohppd4 +vhh Jleerqv +4<<5,/ Olqghqhj +5333,/
fkdswhu 5, 0 d vxusulvlqj ihdwxuh lq wkh Sulvrqhuv* Glohppd lv/
wkdw wkh rxwfrph ri wkh jdph sod|hg lq grplqdqw vwudwhjlhv
lv d grplqdwhg dowhuqdwlyh +erwk djhqwv frxog eh ehwwhu r/ li
wkh| fkrrvh dqrwkhu sdlu ri vwudwhjlhv/ exw wr gr vr wkh| qhhg
wr frrshudwh,1
Gr jdphv lq jhqhudo kdyh vroxwlrqv lq grplqdqw vwudwhjlhvB
Xqiruwxqdwho| qrw/ h1j1 wkh Edwwoh ri wkh Vh{hv +vhh Jleerqv
+4<<5,/ Olqghqhj +5333,/ fkdswhu 5,1 Dq hdv| zd| wr h{dp0
lqh zkhwkhu d jdph kdv d grplqdqw vwudwhj| htxloleulxp/ lv wr
fkhfn0xs li hyhu| djhqw lq wkh jdph kdv d grplqdqw vwudwhj|1
Li vr/ wkhq wkh jdph dffruglqj wr ghqlwlrq 54 kdv d grplqdqw
vwudwhj| htxloleulxp1
H{dpsohv ri hfrqrplf jdphv zlwk d grplqdqw vwudwhj| htxl0
oleulxp duh=
4Ruljlqdwhg lq Wxfnhu +4<83,1
615 Qdvk Htxloleulxp {{y
0 D pdunhw jlyhq e| d sulfh yhfwru lq dq Duurz0Gheuhx prgho
+vhh Olqghqhj +5333,/ fkdswhu 7,1
0 Wkh Fodunh0Juryhv phfkdqlvp doorfdwlqj sxeolf jrrgv lq
dq hqylurqphqw zlwk txdvl0olqhdu xwlolw| ixqfwlrqv +vhh Frufköq
+4<<9,/ fkdswhu 61714,1
Exw xqiruwxqdwho| lq pdq| hfrqrplf jdphv wkhuh duh qr grp0
lqdqw vwudwhj| htxloleulxp1 Wkhuhiruh zh pryh rq dqg orrn dw
vrph zhdnhu htxloleulxp frqfhswv= Qdvk0htxloleulxp dqg vrph
uhqhphqwv ri wkdw frqfhsw1
615 Qdvk Htxloleulxp
Wkh prvw xvhg htxloleulxp frqfhsw lq hfrqrplfv lq wkh odvw
wzhqw| |hduv lv Qdvk htxloleulxp +ruljlqdoo| lqwurgxfhg e| Qdvk
+4<83,,1 Djhqwv kdyh wkh srvvlelolw| wr fkrrvh hlwkhu sxuh ru
pl{hg Qdvk0vwudwhjlhv1 Zkhq orrnlqj dw sxuh vwudwhjlhv zh lql0
wldoo| ljqruh wkh srvvlelolw| wkdw sod|huv pljkw udqgrpl}h ryhu
wkhlu sxuh vwudwhjlhv1




6 5 E7M lv d Qdvk htxloleulxp li iru hdfk djhqw/
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Lq d Qdvk htxloleulxp/ hdfk djhqw*v vwudwhj| lv d ehvw uhvsrqvh
wr wkh vwudwhjlhv dfwxdoo| fkrvhq e| wkh rwkhu djhqwv1 Wklv lp0
solfdwh wkdw dq djhqw lq d vlpxowdqhrxv0pryh jdph rqo| h{0srvw
+dw wkh hqg ri wkh jdph, nqrzv li klv rzq fkrlfh kdv ehhq rswl0
pdo iru klpvhoi1 Dqg ehfdxvh doo djhqwv kdyh wr fkrrvh d vwudwhj|
h{0dqwh wkh| riwhq fdq pdnh d ehvw fkrlfh rqo| e| fkdqfh/ li wkh|
gr qrw kdyh frpsohwh dqg shuihfw lqirupdwlrq h{0dqwh15 Ehfdxvh
ri wkhvh vwurqj lqirupdwlrqdo uhtxluhphqwv/ Qdvk htxloleulxp lv
frqvlghuhg d zhdn htxloleulxp frqfhsw1
Gr jdphv lq jhqhudo kdyh d Qdvk htxloleulxpB Iruwxqdwho|
wkh dqvzhu lv |hv xqghu idluo| eurdg flufxpvwdqfhv1 Wkhuh h{0
5Wklv lv qrw qhfhvvdu| lq d g|qdplf jdph li wkh htxloleulxp lv vwdeoh/ vhh h1j1 Olqghqhj
+5333, fkdswhu 91
{{yl 61 Jdph Wkhru|
lvw vhyhudo h{lvwhqfh uhvxowv +vhh h1j1 Pdv0Frohoo hw do1 +4<<8,
fkdswhuv ; dqg <,/ exw khuh zh orrn rqo| dw wzr ri wkhp1
Wkhruhp 8 Ohw K eh d jdph zkhuh iru doo  5  G
+4, 7 lv d qrq0hpsw|/ frqyh{/ dqg frpsdfw vxevhw ri vrph
Hxfolgldq vsdfh U? +? 5 Q +qdwxudo qxpehuv, lv wkh glphqvlrq
ri wkh vwudwhj| vhw,1
+5, Erc c r6 lv frqwlqxrxv lq Erc c r6 dqg txdvlfrqfdyh
lq r
Wkhq wkh jdph K kdv d Qdvk htxloleulxp1
Iru wkh surri zh qhhg d ohppd=
Ohppd 9 Li wkh vhwv 7 76 duh qrq hpsw|/ 7 lv frpsdfw
dqg frqyh{/ dqg E lv frqwlqxrxv lq Erc r6 dqg txdvlfrq0
fdyh lq rc wkhq sod|hu 
r ehvw0uhvsrqvh fruuhvsrqghqfh KE lv
qrq0hpsw|/ frqyh{0ydoxhg dqg xsshu khplfrqwlqxrxv16
Surri ri wkh ohppd= K lv qrq hpsw| ehfdxvh KEc rE lv wkh vhw
ri pd{lpl}huv rq Ec rE rq wkh vhw 7Dqg K lv frqyh{ ehfdxvh
wkh vhw ri pd{lpl}huv rq d txdvlfrqfdyh ixqfwlrq/ Ec rE/ rq









vxfk wkdw r 5 KEr

E iru doo c zh kdyh r 5 KErE/





E @ Erc rE iru doo r 5 7 Dqg wkhuhiruh e| wkh
frqwlqxlw| ri E zh kdyh Er
W
 c rE @ Erc rE 
Dqg wkhq zh kdyh
Surri ri wkhruhp 8= Ghqh wkh fruuhvsrqghqfh K G 7 w 7/
iurp wkh qrq0hpsw|/ frqyh{/ dqg frpsdfw vhw/ 7 ' 7 76c
ri vwudwhj| surohv wr lwvhoi/ e| KErc c r6 ' KErE   
K6Er6E E| xvlqj ohppd 9 zh kdyh wkdw doo wkh frqglwlrqv ri
wkh Ndnxwdql {hg srlqw wkhruhp duh vdwlvhg/ vd|lqj wkdw d
vwudwhj| suroh h{lvw/ r 5 7c vxfk wkdw r 5 KEr/ zkhuh wkh
6D fruuhvsrqghqfh/ S G w tc iurp d vhw  a U wr d forvhg vhw/ t a Ug c lv xsshu
khplfrqwlqxrxv li lw kdv d forvhg judsk +jlyhq  dqg t / S kdv d forvhg judsk li iru dq|
wzr vhtxhqfhv/ % < % M c dqg + < +c zlwk % M c dqg + M SE% iru hyhu| c
zh kdyh + M SE%,/ dqg wkh lpdjh ri frpsdfw vhwv duh erxqghg +iru hyhu| frpsdfw vhw
 a  wkh vhw SE ' t+ M t G + M SE% iru vrph % M  lv erxqghg,1
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vwudwhjlhv frqvwlwxwh d Qdvk htxloleulxp e| frqvwuxfwlrq/ r 5
KEc rE iru doo  5  Dqg wkhq zh duh grqh zlwk wkh wkhruhp1

Wkhruhp 8 lv d vljqlfdqw uhvxow/ wkh uhtxluhphqwv duh vdwlvhg
lq d zlgh udqjh ri hfrqrplf dssolfdwlrqv1 Li dssolhg wr pdq|
h{dpsohv lq wklv sdshu/ zh vkrxog qrwh wkdw d qlwh vwudwhj|
vhw fdqqrw eh frqyh{1 Wkhuhiruh/ lq wkhruhp : zh orrn dw Qdvk
htxloleuld lq pl{hg vwudwhjlhv/ zkhuh djhqwv dvvljq orwwhulhv rq
wkh sxuh vwudwhjlhv lq wkhlu vwudwhj| vhw= lw frqyh{lhv djhqwv*
vwudwhj| vhwv dqg |lhogv zhoo0ehkdyhg sd|0r ixqfwlrqv1 Zh kdyh=
Ghqlwlrq 56 D pl{hg vwudwhj| suroh/ j ' Ejc c j6 frq0
vwlwxwhv d Qdvk htxloleulxp ri wkh jdph K dE7M c s o c zkhuh iru
doo  5  G 7 lv d frqyh{ vhw ri vwudwhjlhv iru djhqw / dqg






Wkhruhp : Hyhu| jdph K lq zklfk wkh vwudwhj| vhwv/ 7c c 76c
kdyh d qlwh qxpehu ri hohphqwv kdv d pl{hg vwudwhj| Qdvk htxl0
oleulxp1
Surri= Wkh jdph K dE7M c s o lq ghqlwlrq 56 dqg wkhruhp :
vdwlvhg doo wkh dvvxpswlrqv lq wkhruhp 8 deryh1 Khqfh wkhruhp
: lv d gluhfw fruroodu| ri wkhruhp 81 
Wkh ehvw dujxphqw iru Qdvk htxloleulxp lv wkdw h{0srvw qr
djhqw zloo uhjuhw klv rzq fkrlfh/ vhh wkh glvfxvvlrq lq Pdv0Frohoo
hw do1 +4<<8,/ ss1 57;07<1
H{dpsohv ri hfrqrplf jdphv zlwk Qdvk0htxloleuld duh=
0 Vfkphlgohu +4<;3,*v pdunhw phfkdqlvp lq dq Duurz0Gheuhx
prgho +vhh Olqghqhj +5333,/ fkdswhu 8,1
0 Wkh +vwdeoh, Frxuqrw0Zdoudv phfkdqlvp +Zdonhu +4<;7,, lq
elj Duurz0Gheuhx prghov +vhh Olqghqhj +5333,/ fkdswhu 9,1
0 Wkh Frxuqrw0Olqgdko phfkdqlvp +Zdonhu +4<;4,, lq dq Duurz0
Gheuhx prgho zlwk sxeolf jrrgv +vhh Frufköq +4<<9,/ fkdswhu
815/ dqg Olqghqhj +5333,/ fkdswhu 8,1
Hyhq li Qdvk htxloleulxp lq wkh 4<;3*v dqg +wkh ehjlqlqj ri,
wkh 4<<3*v kdv ehhq wkh prvw zlgho| xvhg vroxwlrq frqfhsw lq
dssolfdwlrqv ri jdph wkhru| wr hfrqrplfv/ lw wxuqv rxw wkdw wklv
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frqfhsw kdv vrph vkruwfrplqjv zkhq xvhg lq wkh ghvljq ri door0
fdwlrq phfkdqlvpv=
d, Lq hfrqrplf jdphv wkhuh duh vrphwlphv wrr pdq| Qdvk
htxloleuld/ dqg
e, Wkh lqirupdwlrqdo uhtxluhphqwv 0 wkh djhqwv qhhg frpsohwh
dqg shuihfw lqirupdwlrq 0 duh yhu| vwurqj1 Dqg ehfdxvh pdq|
doorfdwlrq phfkdqlvpv lpsohphqwlqj vrfldoo| rswlpdo ghflvlrqv
lq Qdvk htxloleuld duh qrw vwdeoh/ zh qhhg wkhvh uhtxluhphqwv
yhu| riwhq1
Wkhuhiruh/ lq rughu wr vroyh sureohpv ri w|sh d, dqg e,/ zh
wxuq wr orrn dw vrph uhqhphqwv ri Qdvk0htxloleulxp zklfk fxwv
grzq wkh qxpehu ri htxloleuld dqg2ru duh vwdeoh lq hfrqrplf
hqylurqphqwv zkhq zh xvh doorfdwlrq phfkdqlvpv1
616 Wuhpeolqj0Kdqg Shuihfwlrq
Lq wklv vhfwlrq zh orrn dw d shuihfwlrq ri Qdvk htxloleulxp zklfk
lghqwlhv Qdvk htxloleuld wkdw duh urexvw wr wkh srvvlelolw| wkdw/
zlwk vrph vpdoo suredelolw|/ wkh djhqwv pdnh plvwdnhv dqg qrw
fkrrvh d Qdvk htxloleulxp wrjhwkhu1 Wklv htxloleulxp frqfhsw/
vhh Vhowhq +4<:8,/ lv fdoohg +qrupdo irup, wuhpeolqj0kdqg shu0
ihfw Qdvk htxloleulxp/ dqg fdq eh xvhg lq yroxqwdu| frqwulex0
wlrq jdphv/ vhh h1j1 Edjqrol dqg PfNhh +4<<4, 0 lq Vdpixqg0
vûnrqrplvn doornhulqj 4<<;24= Pdwhuldohvdpolqj1
Iru dq| qrupdo irup jdph/ K ' dE7M c s o/ zh fdq ghqh d
shuwxuehg jdph/ Ke ' dE7
e
 M c s o/ e| fkrrvlqj iru hdfk djhqw
 5  dqg vwudwhj| r 5 7 d qxpehu eEr 5 df( o/ zlwkS










0 D shuwxuehg jdph lv ghulyhg iurp wkh ruljlqdo jdph e| uh0
txlulqj wkdw hdfk djhqw sod|v hyhu|rqh ri klv vwudwhjlhv zlwk dw
ohdvw vrph plqlpdo srvlwlyh suredelolw|/ eEr 0 wkh xqdyrlg0
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deoh suredelolw| wkdw vwudwhj| r jhwv sod|hg e| plvwdnh 0 iru doo
r 5 71
Wkhq zh frqvlghu dv suhglfwlrqv lq jdph K rqo| wkrvh Qdvk
htxloleuld j ' Ejc c j6 lq wkh shuwxuehg jdph Ke wkdw duh
urexvw wr wkh srvvlelolw| wkdw djhqwv pdnh plvwdnhv1 Wr frqvlghu
j dv d urexvw htxloleulxp wkhuh pxvw eh dw ohdvw vrph voljkw
shuwxuedwlrqv ri K zkrvh htxloleuld duh forvh wr j1 Dqg zh kdyh=
Ghqlwlrq 57 D Qdvk htxloleulxp j ri d jdph K ' dE7M c s o
lv +qrupdo irup, wuhpeolqj0kdqg shuihfw li wkhuh duh vrph vh0
txhqfh ri shuwxuehg jdphv iKe&j
"
&' wkdw frqyhujhv wr K +l1h
*4&<" e
&
 Er ' f iru doo  5  dqg r 5 7,/ iru zklfk wkhuh






frqyhujhv wr j +vxfk wkdw *4&<" j
& ' j,
Qrwh zh uhtxluh rqo| wkdw vrph shuwxuehg jdphv h{lvw wkdw
kdyh htxloleuld duelwudulo| forvh wr j1 Wklv lv d plog whvw ri ur0
exvwqhvv 0 d vwurqjhu whvw zrxog eh li zh uhtxluhg j wr eh urexvw
wr doo shuwxuedwlrqv forvh wr wkh ruljlqdo jdph K1
Zklfk jdphv kdyh wuhpeolqj0kdqg shuihfw Qdvk htxloleuldB
Zh kdyh wkh iroorzlqj=
Wkhruhp ; Hyhu| jdph/ K ' dE7M c s o/ zlwk qlwh vwudwhj|
vhwv/ 7c c 76c kdv d wuhpeolqj0kdqg shuihfw Qdvk htxloleulxp1
Surri= Vhh Vhowhq +4<:8,1
Wkh vhw ri wuhpeolqj0kdqg shuihfw Qdvk htxloleuld/ Ej M c lq
d jdph zlwk qlwh vwudwhj| vhwv lv d vxevhw ri wkh vhw ri xqgrpl0
qdwhg Qdvk htxloleuld lq pl{hg vwudwhjlhv lq wklv jdph EeEr ' f
iru dq| grplqdwhg vwudwhj|1
Deryh zh kdyh glvfxvvhg wuhpeolqj0kdqg shuihfwlrq lq qrupdo
irup jdphv1 D voljkwo| glhuhqw irup ri wuhpeolqj0kdqg shuihf0
wlrq iru g|qdplf jdphv lv glvfxvvhg lq Pdv0Frohoo hw do1 +4<<8,
fkdswhu </ Dsshqgl{ E1
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Lq vhfwlrq 614 0 616 zh kdyh vwxglhg vlpxowdqhrxv0pryh jdphv1
Wkhvh fdq eh xvhg lq frpsdudwlyh vwdwlf prghov zkhuh wlph
kdv qr lq xhqfh/ h1j1 lq wkh hqylurqphqwv ri wudglwlrqdo Duurz0
Gheuhx prghov1 Exw lq g|qdplf hfrqrplf prghov wkhvh jdphv
zloo qrw eh dghtxdwh wr ghvfuleh wkh ehkdylru ri wkh djhqwv1
H{dpsohv duh prghov ri uhshdwhg hfrqrplf dfwlylw| +prvw hfr0
qrplf dfwlylwlhv duh uhshdwhg djdlq dqg djdlq,/ dqg h{whqvlyh
irup jdphv/ vhh h1j1 wkh frpshqvdwlrq phfkdqlvp ghyhorshg e|
Yduldq +4<<7,/ lq Frufköq +4<<9,/ fkdswhu 9/ Dsshqgl{ L/ dqg
Olqghqhj +5333, fkdswhu 91
Lq g|qdplf jdphv zh qhhg rwkhu htxloleulxp frqfhswv1 Ohw
xv ehjlq e| looxvwudwlqj wkdw wkh Qdvk htxloleulxp frqfhsw pd|
qrw jlyh vhqvleoh suhglfwlrqv lq g|qdplf jdphv1
Orrn dw g|qdplf jdphv zlwk frpsohwh dqg shuihfw lqirupd0
wlrq7/ vhh Jleerqv +4<<5, vhfwlrq 514/ dqg Pdv0Frohoo hw do1
+4<<8, fkdswhu <1E1 Frqvlghu d jdph sod|hg e| wzr upv/ d
prqrsrolvw +P,/ dqg dq hqwudqw +H,1 H kdv wzr +sxuh, vwudwh0
jlhv/ +@, hqwhulqj wkh pdunhw/ ru +K, vwd| rxw ri wkh pdunhw1 Li
H fkrrvhv +@, wkhq P kdv wzr +sxuh, vwudwhjlhv/ +k, wr jkw H/
ru +q, wr vkduh wkh pdunhw zlwk H/ dqg li H fkrrvhv +K, qrwklqj
kdsshqv +vwdwxv txr,1 Wkh sd|0r pdwul{ lv=
Wdeoh 4=
." k q
@ c 2c 
K fc 2 fc 2
Wkh qrupdo irup uhsuhvhqwdwlrq ri wklv jdph kdv wzr sxuh
vwudwhj| Qdvk htxloleuld= Er.c r ' E@c q ru EKc k Li H hqwhuv
wkh pdunhw wkh ehvw vwudwhj| iru P lv wr vkduh wkh pdunhw1 Exw
wkh rqo| fkdqfh wkdw H vwd|v rxw ri wkh pdunhw lv li P ghfoduhv
wr jkw/ li H hqwhuv wkh pdunhw/ dqg lq wkdw fdvh vwdwxv txr
uhpdlqv1 \hw wkh vwudjhj| suroh/ Er.c r ' EKc k/ lv qrw fuhg0
7 Lq d jdph zlwk frpsohwh lqirupdwlrq hyhu| djhqw nqrzv wkh jdph irup1 Dqg lq
d jdph zlwk shuihfw lqirupdwlrq hyhu| djhqw nqrzv h{dfwo| zkdw vwudwhj| hyhu| rwkhu
djhqw lq wkh jdph zloo fkrrvh1
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leoh/ ehfdxvh li H kdv frpsohwh dqg shuihfw lqirupdwlrq lw fdq
iruhvhh wkdw li lw hqwhuv wkh pdunhw wkhq P zloo fkrrvh wr vkduh
wkh pdunhw/ dqg lq wklv fdvh/ Er.c r ' E@c q/ H zloo lqfuhdvh
lwv rxwfrph iurp 3 wr 41 Wkhuhiruh lw zloo eh d grplqdqw vwudwhj|
iru H wr fkrrvh vwudwhj| @ dqg hqwhu wkh pdunhw1
Wklv h{dpsoh looxvwudwhv wkh sureohp lq xvlqj wkh Qdvk htxl0
oleulxp frqfhsw lq g|qdplf jdphv= lw shuplwv P wr pdnh dq
hpsw| wkuhdw wkdw H qhyhuwkhohvv wdnhv vhulrxvo| zkhq fkrrvlqj
lw*v vwudwhj|1 Wr uxoh rxw vwudwhjlhv dv EKc k zh fdq lqvlvw wkdw
djhqwv* htxloleulxp vwudwhjlhv vdwlvhg wkh sulqflsoh ri vhtxhq0
wldo udwlrqdolw|= dq djhqw*v vwudwhj| pxvw vshfli| rswlpdo dfwlrqv
dw hyhu| ghflvlrq qrgh lq wkh h{whqvlyh irup jdph wuhh1 Wkdw lv/
li dq djhqw lv dw vrph ghflvlrq qrgh lq wkh jdph wuhh/ klv vwudw0
hj| vkrxog suhvfuleh fuhgleoh dfwlrqv iurp wkdw qrgh rq jlyhq
wkh rwkhu djhqwv* vwudwhjlhv1 Lq wkh h{dpsoh deryh P*v vwudwhj|
jkw li H fkrrvhv wr hqwhu wkh pdunhw grhv qrw= li H hqwhuv wkh
pdunhw wkh rqo| rswlpdo vwudwhj| iru P lv wr vkduh wkh pdunhw
zlwk H1
Wkhuh h{lvw d surfhgxuh wr hqvxuh wkdw d vhtxhqwldo udwlrqdo
Qdvk htxloleulxp lv fkrvhq1 Wklv surfhgxuh/ edfnzdug lqgxf0
wlrq/ uvw vroyh iru rswlpdo ehkdylru dw wkh odvw ghflvlrq qrgh
ri wkh jdph wuhh/ wkhq lq wkh vhfrqg wr wkh odvw hwf1 Li zh uvw
ghwhuplqh rswlpdo ehkdylru iru P dw wkh srvw hqwu| vwdjh ri wkh
jdph lq wkh h{dpsoh deryh/ wkh fkrlfh zloo eh r ' Eq vkduh
wkh pdunhw1 Dqg wkhq zh vroyh dw wkh uvw qrgh/ nqrzlqj wkdw
P lq wkh qh{w vwhs zloo fkrrvh +q,/ H fkrrvhv +@, wr hqwhu wkh







Wkh lghd ri edfnzdug lqgxfwlrq zrunv lq doo qlwh jdphv ri
shuihfw lqirupdwlrq1 Zh kdyh=
{{{ll 61 Jdph Wkhru|
Wkhruhp < +]huphor*v wkhruhp,1 Hyhu| qlwh jdph ri frp0
sohwh dqg shuihfw lqirupdwlrq kdv d sxuh vwudwhj| Qdvk htxlole0
ulxp wkdw fdq eh ghulyhg wkurxjk edfnzdug lqgxfwlrq1 Pruhryhu/
li qr djhqw kdv wkh vdph sd|rv dw dq| wzr whuplqdo qrghv/
wkhq wkhuh lv d xqltxh Qdvk htxloleulxp wkdw fdq eh ghulyhg lq
wklv pdqqhu1
Surri = Vhh Pdv0Frohoo hw do1 +4<<8,/ ss1 5:50:61
Wklv vroxwlrq frqfhsw/ vhtxhqwldo udwlrqdo Qdvk htxloleulxp/
kdv ehhq jhqhudol}hg wr jdphv ri frpsohwh exw lpshuihfw lqiru0
pdwlrq e| Vhowhq +4<98,/ lq wkh frqfhsw ri vxejdph shuihfw Qdvk
htxloleulxp1 Wr ghqh wklv htxloleulxp frqfhsw zh pxvw nqrz
zkdw d vxejdph lv1
Ghqlwlrq 58 D vxejdph ri dq h{whqvlyh irup jdph K.%| lv d
vxevhw ri wkh jdph kdylqj wkh iroorzlqj surshuwlhv=
d, Lw ehjlqv zlwk dq lqirupdwlrq vhw frqwdlqlqj d vlqjoh ghfl0
vlrq qrgh soxv doo wkh ghflvlrq qrghv wkdw duh vxffhvvruv ri wklv
qrgh/ dqg frqwdlqv rqo| wkhvh qrghv1
e, Li d ghflvlrq qrgh lv lq wkh vxejdph/ wkhq hyhu| ghflvlrq
qrgh lq wkh vdph lqirupdwlrq vhw dv wklv qrgh lv dovr lq wkh
vxejdph +qr eurnhq lqirupdwlrq vhwv,1
H1j1 wkh jdph lq jxuh 4 kdv wzr vxejdphv= wkh jdph dv
d zkroh dqg wkh sduw ri wkh jdph wuhh wkdw ehjlqv zlwk dqg
iroorzv P*v ghflvlrq qrgh +qrwh wkdw lq d qlwh jdph ri shuihfw
lqirupdwlrq/ hyhu| ghflvlrq qrgh lqlwldwhv d vxejdph,1
Ehorz zh vd| wkdw d vwudwhj| suroh j lqgxfhv d Qdvk htxlole0
ulxp lq d sduwlfxodu vxejdph ri dq h{whqvlyh irup jdph/ li wkh
pryhv vshflhg lq j iru lqirupdwlrq vhwv zlwklq wkh vxejdph
frqvwlwxwh d Qdvk htxloleulxp iru wkh vxejdph dqg qrwklqj exw
wklv vxejdph1 Wkhq zh kdyh=
Ghqlwlrq 59 D vwudwhj| suroh j lq dq h{whqvlyh irup jdph/
K.%|c lv d vxejdph shuihfw Qdvk htxloleulxp li lw lqgxfhv d Qdvk
htxloleulxp lq hyhu| vxejdph ri K.%|1
Qrwh wkdw wkh vhw ri vxejdph shuihfw Qdvk htxloleuld +VSQH,
lv d vxevhw ri wkh vhw ri Qdvk htxloleuld +QH,/ 7.  .1
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Dqg wkdw wkh vhw ri 7. htxdov wkh vhw ri. ghulyhg wkurxjk
edfnzdug lqgxfwlrq lq jdphv ri shuihfw lqirupdwlrq1
Iurp ]huphor*v wkhruhp zh jhw gluhfwo|=
Fruroodu| 43 Hyhu| qlwh h{whqvlyh irup jdph ri frpsohwh dqg
shuihfw lqirupdwlrq kdv d sxuh vwudwhj| vxejdph shuihfw Qdvk
htxloleulxp1 Pruhryhu/ li qr djhqw kdv wkh vdph sd|rv dw dq|
wzr whuplqdo qrghv/ wkhq wkhuh lv d xqltxh 7.
Dqg lq wkh fdvh ri frpsohwh exw lpshuihfw lqirupdwlrq/ wkdw
Wkhruhp 44 Dq| qlwh h{whqvlyh irup jdph ri frpsohwh lq0
irupdwlrq kdv d vxejdph shuihfw Qdvk htxloleulxp lq sxuh ru
pl{hg vwudwhjlhv li d Qdvk htxloleulxp lv suhvhqw1
Surri= Wkh dujxphqw lv e| frqvwuxfwlrq1 Li zh jhqhudol}h wkh
edfnzdug lqgxfwlrq surfhgxuh dv iroorzv=
41 Vwduw dw wkh whuplqdo ghflvlrq qrghv/ dqg lghqwli| wkh Qdvk
htxloleuld iru hdfk ri wkh qdo vxejdphv1
51 Vhohfw rqh Qdvk htxloleulxp lq hdfk ri wkhvh qdo vxejdphv/
dqg ghulyh wkh uhgxfhg h{whqvlyh irup jdph lq zklfk wkhvh qdo
vxejdphv duh uhsodfhg e| wkhlu sd|rv zkhq djhqwv fkrrvh wkhvh
Qdvk vwudwhjlhv1
61 Uhshdw vwhs 4 dqg 5 iru wkh uhgxfhg jdph1 Frqwlqxh wkh
surfhgxuh xqwlo hyhu| pryh lq wkh ruljlqdo h{whqvlyh irup jdph
lv ghwhuplqhg1 Wkhq wkh vdpsoh ri pryhv dw wkh ydulrxv lqirupd0
wlrq vhwv ri wkh jdph frqvwlwxwh d suroh ri 7. vwudwhjlhv1
71 Li pxowlsoh htxloleuld h{lvw wkhq wkh ixoo vhw ri 7.r lv
lghqwlhg e| uhshdwlqj wkh surfhgxuh iru hdfk srvvleoh htxlole0
ulxp wkdw frxog rffxu iru wkh vxejdphv lq txhvwlrq1
Ehfdxvh d Qdvk htxloleulxp h{lvwv lq doo +vwdwlf ru g|qdplf,
qlwh qrupdo irup jdphv ri frpsohwh lqirupdwlrq wkdw ixoo +4,
dqg +5, ri wkhruhp 8/ dqg dq| qlwh g|qdplf jdph ri frpsohwh
lqirupdwlrq kdv d qlwh qxpehu ri vxejdphv wkdw vdwlvhv +4,
dqg +5, ri wkhruhp 8/ wkhq wkh surfhgxuh deryh fdq lghqwli| dw
ohdvw rqh vxejdph shuihfw Qdvk htxloleulxp lq d qlwh h{whqvlyh
irup jdph ri frpsohwh lqirupdwlrq1 
Qrwh wkdw wkh surri lv frqvwuxfwlyh= li zh xvh wkh surfhgxuh 407
lw lv srvvleoh wr ghwhuplqh wkh vhw ri 7.r Dqg wkdw 7.
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holplqdwhv Qdvk htxloleuld wkdw uho| rq qrq0fuhglwdeoh wkuhdwv
ru surplvhv1 Wklv lv xvhg lq phfkdqlvpv lpsohphqwlqj vrfldoo|
rswlpdo ghflvlrqv lq hfrqrplf hqylurqphqwv zlwk frpsohwh exw
lpshuihfw lqirupdwlrq lq vxejdph shuihfw Qdvk htxloleulxp/ vhh
h1j1 Olqghqhj +5333,/ fkdswhu 91
618 Rwkhu Htxloleulxp Frqfhswv
Ehvlghv wkh deryh phqwlrqhg htxloleulxp frqfhswv wkh h{dplqd0
wlrq uhtxluhphqwv lq Doorfdwlrq Phfkdqlvpv lqfoxgh di ihz pruh
qrq0frrshudwlyh/ qrq0Ed|hvldq htxloleulxp frqfhswv1 Wkhvh duh
rwkhu uhqhphqwv ri Qdvk htxloleulxp/ qdpho| xqgrplqdwhg Qdvk
htxloleulxp +vhh Frufköq +4<<9, vhfwlrq 916, zklfk fkrrvh dq do0
orfdwlrq dprqj wkh qrq0grplqdwhg Qdvk htxloleuld/ dqg yluwxdo
lpsohphqwdwlrq fkrrvlqj d Qdvk htxloleulxp 00forvh wr wkh fru0
uhvsrqghqfh zh zdqw wr lpsohphqw +vhh Frufköq +4<<9, vhfwlrq
917,1
Dqg lw lv dovr srvvleoh wr qg d vlqjoh ghqlwlrq ri d frrs0
hudwlyh htxloleulxp frqfhsw/ vwurqj +ru Dxpdqq, htxloleulxp lq
Frufköq +4<<9, vhfwlrq 519/ ghqlwlrq 81 Exw irujhw doo derxw wklv
odwwhu frqfhsw 0 zh gr qrw xvh frrshudwlyh htxloleulxp frqfhswv
lq wklv frxufh1




Lq wklv odvw vhfwlrq zh pdnh d vxuyh| ri vrph doorfdwlrq phfk0
dqlvpv fhqwudo lq wkh frxuvh rq Doorfdwlrq Phfkdqlvpv dw wkh
Xqlyhuvlw| ri Frshqkdjhq/ vhh wdeoh 51
Wdeoh 5=
Phfkdqlvp qdph=  G , w  ,^*Mh4




e, 7S6e_,eo 6@o&e|  _ U- @r
f, Jo?J| u?_@,  _ U- @r
g, Jo?J|`@,o@r  _ U- @r
h, J6Re?r@|J?  _ U- Vxejdph0shuihfw
i, J6K?@|J?  _ U- Vxejdph0shuihfw









d, Wkh Fodunh0Juryhv phfkdqlvp/ vhh Fodunh +4<:4, dqg Juryhv
+4<:6,/ lpsohphqwv wkh xwlolwduldq ghflvlrq uxoh lq grplqdqw
vwudwhjlhv zkhq lw lv srvvleoh wr pdnh lqwhushuvrqdo frpsdulvrqv
ri glhuhqw djhqwv* xwlolwlhv +wklv lv qhhghg zkhqhyhu wkh xwlolwdu0
ldq ghflvlrq uxoh lv xvhg, dqg txdvlolqhdu suhihuhqfhv1 Frpsduhg
zlwk wkh Duurz0frqglwlrqv lq wkhruhp 4 deryh wklv lv d uhvwulf0
wlrq rq wkh grpdlq iru wkh suhihuhqfhv ri wkh djhqwv +zklfk lv
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lq frq lfw zlwk wkh udwkhu lpsolflw dvvxpswlrq lq vhfwlrq 514 ri
xquhvwulfwhg grpdlq lq Duurzv lpsrvvleoh wkhruhp,1
e, Wkh pdunhw phfkdqlvp ghyhorshg e| Vfkphlgohu +4<;3,
lpsohphqwv wkh Zdoudvldq fruuhvsrqghqfh lq Duurz0Gheuhx hq0
ylurqphqwv lq Qdvk htxloleulxp1 Wkh Zdoudvldq fruuhvsrqghqfh
lv Sduhwr rswlpdo dqg lqglylgxdo udwlrqdo lq Duurz0Gheuhx hfrqr0
plhv zlwkrxw pdunhw idloxuhv1 Krzhyhu/ wkhuh lv dq dgglwlrqdo
frqglwlrq +frqqhfwhg zlwk wkh frqglwlrqv lq wkh Duurz0Gheuhx
prgho zlwkrxw pdunhw idloxuhv, iru wkh phfkdqlvp wr zrun olnh
wklv/ qdpho| wkdw 6 @  n  +wkh qxpehu ri djhqwv pxvw eh
odujhu wkdq wkh qxpehu ri frpprglwlhv,1 Dqg/ ixuwkhupruh/ wkh
phfkdqlvp lv xqvwdeoh rxw ri htxloleulxp1
f, Wkh Frxuqrw0Olqgdko phfkdqlvp ghyhorshg e|Zdonhu +4<;4,
lpsohphqwv wkh Olqgdko0fruuhvsrqghqfh lq Duurz0Gheuhx hqyl0
urqphqwv zlwk sxeolf jrrgv lq Qdvk htxloleulxp zkhq wkh qxp0
ehu ri djhqwv lq wkh hfrqrp|/ m m @ c dqg li lw lv frpelqhg
zlwk d pdunhw phfkdqlvp lpsohphqwlqj wkh Zdoudvldq fruuh0
vsrqghqfh lq doo pdunhwv zlwkrxw pdunhwidloxuhv1 Iru sudfwlfdo
dssolfdwlrqv lw lv lpsruwdqw wr qrwh wkdw wkh Qdvk htxloleuld lq
wklv phfkdqlvp duh qrw vwdeoh1
g, Wkh Frxuqrw0Zdoudv phfkdqlvp lq Zdonhu +4<;7, lpsoh0
phqwv wkhZdoudvldq fruuhvsrqghqfh lq elj +wkh qxpehu ri djhqwv
@ 4, Duurz0Gheuhx prghov zlwkrxw pdunhw idloxuhv lq Qdvk
htxloleulxp1 Wkh Qdvk htxloleuld duh vwdeoh li dqg rqo| li wkh
djhqwv xvh Frxuqrw ehvw0uhsod| ehkdylru zkhq dq hfrqrp| lv
rxw ri htxloleulxp1
h, Wkh Frpshqvdwlrq phfkdqlvp ghyhorshg e| Yduldq +4<<7,
lpsohphqwv wkh Sduhwr rswlpdo dqg lqglylgxdo udwlrqdo fruuh0
vsrqghqfh lq vxejdph shuihfw Qdvk htxloleulxp lq +g|qdplf,
Duurz0Gheuhx hqylurqphqwv zlwk h{whuqdolwlhv1 Wkh phfkdqlvp
lv vwdeoh li wkh djhqwv xvh ehvw0uhsod| ehkdylru rxw ri htxlole0
ulxp1
i, Wkh Frpelqdwlrq phfkdqlvp/ vhh Olqghqhj +5333, vhfwlrq
9-8/ frpelqhv wkh frpshqvdwlrq dqg wkh Frxuqrw0Zdoudv phfk0
dqlvpv lq rqh phfkdqlvp wkdw lpsohphqwv wkh Sduhwr rswlpdo
dqg lqglylgxdo udwlrqdo fruuhvsrqghqfh lq +g|qdplf, Duurz0
Gheuhx hqylurqphqwv zlwk pdunhw idloxuhv +h{foxvlyh vrph w|shv
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ri dv|pphwulf lqirupdwlrq,1 Wkh phfkdqlvp lv vwdeoh li wkh
djhqwv lq wkh hfrqrp| xvh ehvw0uhsod| ehkdylru rxw ri htxlole0
ulxp1
j, Wkh Yroxqwdu| Frqwulexwlrq phfkdqlvp/ vhh Edjqrol dqg
PfNhh +4<<4,/ lpsohphqwv wkh Sduhwr rswlpdo dqg lqglylgxdo
udwlrqho fruuhvsrqghqfh lq wuhpeolqj0kdqg shuihfw Qdvk htxl0
oleulxp lq d +sduwldo dqdo|vlv, pdunhw ri rqh vshflf jrrg lq d
jlyhq qxpehu1 H{shulphqwv zlwk vwxghqwv vkrz wkdw htxloleuld
zkhq xvlqj wklv phfkdqlvp duh vwdeoh1 Lq htxloleulxp wkh phfk0
dqlvp lv edodqfhg +exgjhw qhxwudo,1 Ehfdxvh wkh frqwulexwlrqv
iurp wkh djhqwv duh yroxqwdu| wklv phfkdqlvp lv lqglylgxdo ud0
wlrqdo1 Wklv phdqv wkdw wkh Yroxqwdu| Frqwulexwlrq phfkdqlvp
fdq eh xvhg wr lpsohphqw wkh Sduhwr rswlpdo dqg lqglylgxdo
fruuhvsrqghqfh lq dq Duurz0Gheuhx hfrqrp| frqwdlqlqj sxeolf
jrrgv gholyhuhg lq glvfuhwh dprxqwv1
Ehvlghv wkhvh phfkdqlvpv wkh h{dplqdwlrq uhtxluhphqwv lq0
foxgh d ihz rwkhu w|shv ri phfkdqlvpv= dxfwlrqv +vhh Udvpxvvhq
lq Pdwhuldohvdpolqj wlo Vdpixqgvûnrqrplvn doornhulqj +4<<;,,/
wkh frvw0vkduh phfkdqlvp +vhh Frufköq +4<<9, vhfwlrq 816,/ dqg
wkh *glylqh dqg shupxwh* phfkdqlvp +vhh Frufköq +4<<9, vhfwlrq
817,1
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Duurz/ N1M1/ Vrfldo fkrlfh dqg lqglylgxdo ydoxhv/ Zloh| 4<84
+5qg hg1 4<96,
Edjqrol/ P1 dqg P1 PfNhh +4<<4,/ Yroxqwdu| frqwulexwlrq
jdphv= h!flhqw sulydwh dqg sxeolf surylvlrq ri sxeolf jrrgv1
Hfrqrplf Hqtxlu| 5<= 6840699
Erugd/ M1F1 gh/ Phprluhv vxu ohv ìohfwlrqv dx vfuxwlq1 Klv0
wruluh gh o*Dndghplh Ur|doh ghv Vflhqfhv/ Sdulv 4:;4
Frqgrufhw/ Pdutxlv gh/ Hvvdl vxu o*dsslfdwlrq gh o*dqdo|vh ä
od suredelolwì ghv gìflvlrqv uhqgxhv ä od soxudolwì gh yrl{1 Sdulv
4:;8
Fodunh/ H1 +4<:4,/ Pxowlsduw sulflqj ri sxeolf jrrgv1 Sxeolf
Fkrlfh 44= 4<066
Frufköq/ O1F1/ Wkh wkhru| ri lpsohphqwdwlrq ri vrfldoo| rs0
wlpdo ghflvlrqv lq hfrqrplfv1 PdfPloodq Suhvv 4<<9
Jleedug/ D1 +4<:6,/ Pdqlsxodwlrq ri yrwlqj vfkhphv= D jhq0
hudo uhvxow1 Hfrqrphwulfd 74= 8;:0934
Jleerqv/ U1/ D sulphu lq jdph wkhru|1 Kduyhvwhu0Zkhdwvkhdi
4<<5
Juryhv/ W1 +4<:6,/ Lqfhqwlyhv lq whdpv1 Hfrqrphwulfd 74= 94:0
{o 81 Uhihuhqfhv
964
Nhlglqj/ K1 +4<;7,/ Sodqqlqj wkhru|/ sduw LLL1 Ohfwxuh qrwhv/
Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq +vwhqflo,
Nhlglqj/ K1/ Vslowhrul1 Dndghplvn Iruodj 4<;:
Olqghqhj/ N1/ Iulkhg/ oljkhg ) hhnwlylwhwB Dndghplvn Iruodj
5333
Pd|/ N1R1 +4<85,/ D vhw ri lqghshqghqw qhfhvvdu| dqg vx!0
flhqw frqglwlrqv iru vlpsoh pdmrulw| ghflvlrqv/ Hfrqrphwulfd 53=
9;309;7
Pdv0Frohoo/ D1/ P1G1 Zklqvwrq dqg M1U1 Juhhq/ Plfur0
hfrqrplf wkhru|1 R{irug Xqlyhuvlw| Suhvv 4<<8
Prxolq/ K1/ Wkh vwudwhj| ri vrfldo fkrlfh1 Qruwk0Kroodqg 4<;6
Pxoohu/ H1 dqg P1D1 Vdwwhuwkzdlwh +4<::,/ Wkh htxlydohqfh
ri vwurqj srvvlwlyh dvvrfldwlrq dqg vwudwhj| surriqhvv1 Mrxuqdo
ri Hfrqrplf Wkhru| 47= 745074;
Qdvk/ M1 +4<83,/ Htxloleulxp srlqwv lq q0shuvrq jdphv1 Sur0
fhhglqjv ri wkh Qdwlrqdo Dfdghp| ri Vflhqfhv 69= 7;07<
yrq Qhxpdqq/ M1 dqg R1 Prujhqvwhuq/ Wkhru| ri jdphv
dqg hfrqrplf ehkdylru1 Sulqfhwrq Xqlyhuvlw| Suhvv 4<77
Vdwwhuwkzdlwh/ P1D1/ Wkh h{lvwhqfh ri vwudwhj|0surri yrwlqj
surfhgxuhv/ d wrslf lq vrfldo fkrlfh wkhru|1 Sk1G1 glvvhuwdwlrq/
Xqlyhuvlw| ri Ylvfrqvlq/ Pdglvrq4<:8
Vfkphlgohu/ G1 +4<;3,/ Zdoudvldq dqdo|vlv yld vwudwhjlf rxw0
frph ixqfwlrqv1 Hfrqrphwulfd 7;= 48;8048<6
Vhowhq/ U1 +4<98,/ Vslhowkhruhwlvfkh ehkdqgoxqj hlqhv roljrsro0
prghoov plw qdfkiudjhwudjkhlw1 ]hlwvfkuliw iÿu glh jhvdpwh Vwddwvzlv0
vhqvfkdiw 454= 6340657
Vhowhq/ U1 +4<:8,/ Uh0h{dplqdwlrq ri wkh shuihfwqhvv frqfhsw
iru htxloleulxp srlqwv lq h{whqvlyh jdphv1 Lqwhuqdwlrqdo Mrxuqdo
ri Jdph Wkhru| 7= 58088
Wxfnhu/ D1Z1 +4<83,/ D Wzr0Shuvrq Glohppd/ zrunlqj sdshu/
Vwdqgirug Xqlyhuvlw|
Yduldq/ K1U1 +4<<7,/ D vroxwlrq wr wkh sureohpv ri h{whuqdol0
wlhv zkhq djhqwv duh zhoo0lqiruphg1 Dphulfdq Hfrqrplf Uhylhz
81 Uhihuhqfhv {ol
;7= 45:;045<6
Zdonhu/ P1 +4<;4,/ D vlpsoh lqfhqwlyh frpsdwleoh vfkhph iru
dwwdlqlqj Olqgdko doorfdwlrqv1 Hfrqrphwulfd 7<= 980:4
Zdonhu/ P1 +4<;7,/ D vlpsoh dxfwlrqhhuohvv phfkdqlvp zlwk
Zdoudvldq surshuwlhv1 Mrxuqdo ri Hfrqrplf Wkhru| 65= 444045:
